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Fig. 1 -1 . Top; the Type 453 Oscilloscope. Bottom; the Type R453 Oscilloscope 
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SECTION 0 
INSTRUCTIONS 



0-1 . Scope 

This manual describes Oscilloscope AN/USM-273 (fi Ja. 1^ and provides 
maintenance instructions. Throughout this manual, the AN/USM-273 is re- 
ferred to as the Tektronix Type 453 Oscilloscope. The maintenance allo- 
cation chart appears i ji appendix Cj Repair parts and special tools lists 
are contained in TM-6625-1722-24P . 

0-2 . Indexes of Publications 

a. DA Pam 310-4. Refer to the latest issue of DA Pam 310-4 to deter- 
mine whether there are new editions, changes, or additional publications 
pertaining to the eguipment. 

b . DA Pam 310-7. Refer to DA Pam 310-7 to determine whether there 
are modification work orders (MWO'S) pertaining to the eguipment. 

0-3. Maintenance Forms, Records, and Reports 

^ Reports of Maintenance and Unsatisfactory Equipment . Department 
of the Army forms and procedures used for equipment maintenance will be 
those prescribed by TM 38-750, The Army Maintenance Management System. 

b. Report of Packaging and Handling Deficiencies. Fill out and for- 
ward DD Form 6 (Packaging Improvement Report) as prescribed in AR 700-58/ 



NAVSUPINST 4030.29/AFR 71-13/MCO P4030.29A, and DEAR 4145.8. 

Cj. Discrepancy in Shipment Report (DISREP) (SF 361) . Fill out and 
forward Discrepancy in Shipment Report (DISREP) (SF 361) as prescribed in 
AR 55-38/NAVSUPINST 4610.33B/AFR 75-18/MCO P4610.19C and DEAR 4500.15. 
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0-4 . Reporting Equipment Improvement Recommendations (EIR) 

If your Oscilloscope AN/USM-273 needs improvement, let us know. Send 
us an EIR. You, the user, are the only one who can tell us what you 
don't like about your equipment. Let us know why you don't like the 
design. Tell us why a procedure is hard to perform. Put it on an SF 368 
(Quality Deficiency Report) . Mail it to Commander, US Army Communications 
and Electronics Materiel Readiness Command, ATTN: DRSEL-ME-MQ, Fort 

Monmouth, NJ 07703. We'll send you a reply. 

0-5. Administrative Storage 

Administrative storage of equipment issued to and used by Army activi- 
ties shall be in accordance with TM 740-90-1. 

0-6 Destruction of Army Electronics Materiel 

Destruction of Army electronics materiel to prevent enemy use shall be 
in accordance with TM 750-244-2. 

0-7 . Reporting Errors and Recommending improvements 

You can help improve this manual. If you find any mistakes or if you 
know of a way to improve the procedures, please let us know. Mail your 
letter or DA Form 2028 (Recommended Changes to Publications and Blank 
Forms) to Commander, US Army Communications and Electronics Materiel 
Readiness Command, ATTN: DRSEL-ME-MQ, Eort Monmouth, NJ 07703. In 

either case, a reply will be furnished direct to you. 
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SECTION 1 

CHARACTERISTICS 



Introduction 

The Tektronix Type 453 Osciiioscope is a transistorized 
portabie osciiioscope designed to operate in a wide range 
of environmentai conditions. The iight weight of the Type 
453 aiiows it to be easiiy transported, whiie providing the 
performance necessary for accurate high-frequency meas- 
urements. The duai-channei DC-to-50 MHz verticai system 
provides caiibrated defiection factors from 5 miiiivoits to 
10 voits/division. Channeis 1 and 2 can be cascaded using 
an externai cabie to provide a one miiiivoit minimum defect- 
ion factor (both VOLTS/DiV switches set to 5 mV). 

The trigger circuits provide stabie triggering over the fuii 
range of verticai frequency response. Separate trigger con- 
trois are provided to seiect the desired triggering for the A 
and B sweeps. One of three sweep modes can be seiected 
for the A sweep; automatic, normai or singie sweep. The 
horizontai sweep provides a maximum sweep rate of 0.1 
microsecond/division (10 nanosecond/division using 10X 
magnifier) aiong with a deiayed sweep feature for accurate 
reiative-time measurements. Accurate X-Y measurements 
can be made with Channei 2 providing the verticai defiection, 
and Channei 1 providing the horizontai [defiection. (TRIGGER 
switch set to CH 1 ONLY, HORiZ DiSPLAY switch set to EXT 
HORiZ). The reguiated DC power suppiies maintain con- 



stant output over a wide variation of iine voitages and fre- 
quencies. Totai power consumption of the instrument is 
approximateiy 90 watts. 

information given in this instruction monuai appiies to the 
Type R453 aiso uniess otherwise noted. The Type R453 is 
eiectricaiiy identicai to the Type 453 but is mechanicaiiy 
adapted for mounting in a standard 19-inch rack. Rack- 
mounting instructions, a mechanicai parts iist and a dimen- 
sionai drawing for the Type R453 are provided in | Section | 
10 of this manuai. 

The eiectricai characteristics which foiiow are divided 
into two categories. Characteristics iisted in the Performance 
Requirement coiumn are checked in the Performance Check 
and Caiibration sections of this manuai. items iisted in the 
Cperationai Information coiumn are provided for reference 
use and do not directiy refiect the measurement capabiii- 
ties of this instrument. The Performance Check procedure 
given in I Section 5~l of this manuai provides a convenient 
method of checking the items iisted in the Performance 
Requirement coiumn. The foiiowing eiectricai characteristics 
appiy over a caiibration intervai of 1000 hours at an am- 
bient temperature range of -15°C to +55 °C, except as 
otherwise indicated. Warm-up time for given accuracy is 
20 minutes. 



ELECTRICAL CHARACTERISTICS 
VERTICAL DEFLECTON SYSTEM 



Characteristic 


Performance Requirement 


Operationai information 


Defiection Factor 


5 miiiivoits/division to 10 voits/division in 11 
caiibrated steps for each channei. One miiiivoit/ 
division when Channei 1 and 2 are cascaded. 
Within ±3Y% of indicated defiection with VARi- 
ABLE controi set to CAL. Cascaded defiection 
factor uncaiibrated. 


Steps in 1-2-5 sequence 


Defiection Accuracy 


With gain correct at 20 mV 


Variabie Defiection Factor 


Uncaiibrated defiection factor at ieast 2.5 times 
the VOLTS/DiV switch indication. This provides 
a maximum uncaiibrated defiection factor of 25 
voits/division in the 10 voits position. 




Bandwidth at Upper -3 dB 
point (with or without P6010 
Probe) 

20 mV to 10 VOLTS/DiV 


DC to 50 MHz or greater 




10 mV/DiV 


DC to 45 MHz or greater 


Driven from 25-ohm source 


5 mV/DIV 


DC to 40 MHz or greater 


Channeis iand 2 cascaded 


DC to 25 MHz or greater 


Measured at one miiiivoit/division 


Risetime (caicuiated). With or 
without P6010 Probe. 

20 mV to 10 VOLTS/DiV 


Less than 7 nanoseconds 


Risetime caicuiated from bandwidth 
measurement using the formuia: 

350 

BW 

Where: 

t,= Risetime in nanoseconds. 

BW = Bandwidth in megahertz. 


10 mV/DiV 


Less than 7.8 nanoseconds 


5 mV/DIV 


Less than 8.75 nanoseconds 


Channeis 1 and 2 cascaded 


Less than 14 nanoseconds 
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VERTICAL (cont) 



Characteristic 


Performance Requirement 


Ooeratlonal Information 


Input RC Characteristics 




Typically 1 megohm (±2%), paralleled 
by 20 pF (±3%) 


Maximum Input Voltage 




600 volts DC + peak AC (one kilohertz 
or less). Peak-to-peak AC not to exceed 
600 volts. 


Input Coupling Modes 


AC or DC, selected by front-panel switch 




AC Low-Frequency Response 
(lower -3 dB point) 

Without probe 




Typically 1.6 Hz, Input Coupling switch 
set to AC 


With P6010 Probe 
Trace Shift Due to Input Gate 
Current (at 25°C) 


Negligible 


Typically 0.16 Hz 


Vertical Display Modes 


Channel 1 only 
Channel 2 only 

Dual-troce, alternate between channels 
Dual-trace, chopped between channels 
Added algebraically 




Chopped Repetition Rate 


Approximately one-microsecond segments from 
each channel displayed at repetition rate of 500 
kHz, ±20%. 




Attenuator Isolation 


Greater than 10,000:1, DC to 20 MHz 




Common Mode Rejection Ratio 


Greater than 20:1 at 20 MHz for common-mode 
signals less than eight times VOLTS/DIV switch 
setting. 


With optimum GAIN adjustment at low 
frequency 


Linear Dynamic Range Useful 
for Common-Mode Relection 
in ADD Mode 




Less than 10% Incremental signal dis- 
tortion for instantaneous input voltage 
of -10 or -rIO times VOLTS/DIV 
switch setting 


Polarity Inversion 


Signal on Channel 2 can be Inverted 




Signal Delay Line 




Approximately 140 nanoseconds 


Low-Frequency 
Vertical Linearity 


Less than 0.15 division compression or expansion 
of two division signal when positioned to vertical 
extremes of display area 


Includes CRT linearity. Measured with 
one-kilohertz square wave. 


Trace Drift (after 20 minute 
warm up) 

20 mV to 10 VOLTS/DIV 




Time Temperature 


Typically less than 
0.03 division/hour 


Typically less than 
0.0075 division/de- 
gree C 


10 mV/DIV 




Typically less than 
0.05 division/hour 


Typically less than 
0.0125 division/de- 
gree C 


5 mV/DIV 




Typically less than 
0.08 division/hour 


Typically less than 
0.02 division/de- 
gree C 


TRIGGERING (A AND B SWEEP) 


Source 


Internal from displayed channel or from Channel 
1 only 

Internal from AC power source 
External 

External divide by 10 




Coupling 


AC 

AC low-frequency reject 
AC high-frequency reject 
DC 




Polarity 


Sweep can be triggered from positive-going or 
negative-going portion of trigger signal 
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TRIGGERING (cont) 



Characteristic 


Performance Requirement 


Operational Information 


Internal Trigger Sensitivity 
AC 


0.2 division of deflection, minimum, 30 FIz to 10 
MHz; increasing to 1 division at 50 MHz 


Typical -3 dB point, 16 Hz 


LF REJ 


0.2 division of deflection, minimum, 30 Hz to 10 
0.2 division of deflection, minimum, 30 kHz to 10 


Typical -3 dB point, 16 kHz 


HF REJ 


0.2 division of deflection, minimum, 30 Hz to 50 
kHz 


Typical -3 dB points, 16 Hz and 100 
kHz 


DC 


0.2 division of deflection, minimum, DC to 10 
MHz; increasing to 1 division at 50 MHz 




External Trigger Sensitivity 
AC 

LF REJ 


50 millivolts, minimum, 30 Hz to 10 MHz; increas- 
ing to 200 millivolts at 50 MHz 


Typical -3 dB point, 16 Hz 


50 millivolts, minimum, 30 kHz to 10 MHz; increas- 
ing to 200 millivolts at 50 MHz 


Typical -3 dB point, 16 kHz 


HFTIEJ 


50 millivolts, minimum, 30 Hz to 50 kHz 


Typical -3 dB points, 16 Hz and 100 
kHz 


DC 


50 millivolts, minimum, DC to 10 MHz; increas- 
ing to 200 millivolts at 50 MHz 




Auto Triggering (A sweep only) 


Stable display presented with signal amplitudes 
given under Internal and External Trigger Sensi- 
tivity above 20 Hz. Presents a free-running sweep 
for lower frequencies or in absence of trigger 
signal. 




Single Sweep (A sweep only) 


A Sweep Generator produces only one sweep 
when triggered. Further sweeps are locked out 
until RESET button is pressed. Trigger sensitivity 
same as given above. 




Display Jitter 


Less than 1 nanosecond at 10 nanoseconds/divi- 
sion sweep rate (MAG switch set to X10) 




Maximum Input Voltage 




600 volts DC 4- peak AC (one kilohertz 
or less). Peak-to-peak AC not to exceed 
600 volts. 


External Trigger Input RC 
Characteristics (approximate) 




1 Megohm paralleled by 20 pF, except 
in LF REJ 


LEVEL Control Range 


At least ±2 volts, SOURCE switch in EXT posi- 
tion. At least ±20 volts, SOURCE switch in EXT 
-^10 position 





HORIZONTAL DEFLECTION SYSTEM 



A and B Sweep Generator 



Sweep Rates 
A Sweep 


0.1 microsecond/division to 5 seconds/division in 
24 calibrated stem 


A sweep is main and delaying sweep 


B sweep 


0.1 microsecond/division to 0.5 second/division 
in 21 calibrated steps 


B sweep is delayed sweep 


Sweep Accuracy-A and B 
Sweep 

5 s to 0.1 s/DIV 


0°C to -r40°C -15°C to 4-55 °C 


A VARIABLE and B TIME/DiV VARI- 
ABLE controls set to CAL 


Within ±3% of indi- Within ±5% of indi- 
cated sweep rate cated sweep rate 


50 ms to 0.1 ps/ DIV 


Within ±3% of indi- Within ±4% of indi- 
cated sweep rate cated sweep rate 


Variable Sweep Rate 


Uncalibrated sweep rate to at least 2.5 times the 
TIME/DIV indication, or a maximum of at least 
12.5 seconds/division in the 5 s position (B sweep, 
maximum of 1.25 seconds/division in the .5 s 
position. 
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Characteristic 

Sweep Length 
A sweep 

B sweep 

Sweep Hold-off-A sweep 
5s to 10>s/DIV 


A and B Sweep Generotor 
Performance Requirement 

Variable from less than 4 divisions to 1 1 .0, ±0.5 
division 

11.0 divisions, ±0.5 division 

Less than one times the A TIME/DIV switch set- 
ting 


Operational Information 
A TIME/DIV switch set to 1 ms 
B TIME/DIV switch set to 1 ms 


5 /IS to 0.1 /is/DIV 


Less than 2.5 microseconds 






Sweep Magnifier 




Sweep Magnification Each sweep rate can be increased 10 times the 

indicated sweep rate by horizontally expanding 
the center division of display 


Extends fastest sweep rate to 10 nano- 
seconds/division 


Magnified Sweep Accuracy 


1% tolerance added to specified sweep accuracy 




Magnified Sweep Linearity 


±1.5% for any eight division portion of the 
total magnified sweep length (excluding first 
and last 60 nanoseconds of magnified sweep) 




Normal/Magnified Registration 


±0.2 division, or less, 
center when switching 
to OFF 


trace shift at graticule 
MAG switch from XI 0 






Sweep Delay 




Calibrated Delay Time Range 


Continuous from 50 seconds to 1 microsecond 


A VARIABLE control set to CAL for indi- 
cated delay 


DELAY-TIME MULTIPLIER 
Dial Range 


0.20 to 10.20 




Delay Time Accuracy 


0°C to +40°C 


-15° C to 4-55° C 




5s to 0.1 s/DIV 


Within ±2.5% of indi- 
cated delay 


Within ±3.5% of indi- 
cated delay 


Includes incremental multiplier linearity 


50 ms to 1 /is/DIV 


Within ±1 .5% of indi- 
cated delay 


‘Within ±2% of indi- 
cated delay 




Incremental Multiplier Linearity 


±0.2% 


±0.3%. 




Delay Time Jitter 


Less than 1 part in 20,000 of 10 times A TIME/ 
DIV switch setting 


Equal to 0.5 division, or less, with the A 
TIME/DIV switch set to 1 ms and the B 
TIME/DIV switch set to 1 /is. 


External Horizontal Amplifier 


Input to Channel 1 (TRIGGER 
switch in CH 1 ONLY) 
Deflection factor 


5 millivolts/division to 10 
brated steps 


volts/division in 1 1 call- 


Steps in 1-2-5 sequence. 

Channel 1 VARIABLE control does not 
affect horizontal deflection 


Accuracy 


0°C to -r40°C 


-15°V to -|-55°C 






Within ±5% of indi- 
cated deflection 


Within ±8% of indi- 
cated deflection 


With external horizontal gain correct 
at 20 mV 


X Bandwidth at Upper -3 dB 
Point 


5 MHz or greater 




Input RC characteristics 




Typically 1 megohm (±2%), paralleled 
by 20 pF (±3%) 


Phase difference between X 
and Y amplifiers at 50 kHz 


Less than 3° 




Input to EXT HORIZ Connector 
Deflection factor 


B SOURCE switch in EXT; 270 millivolts/division, 
±15%. 

B SOURCE switch in EXT-r 10; 2.7 volts/division, 
±20% 
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External Horizontal Amplifier (cont) 


Characteristic 


j Performance 


Requirement 


Operational Infomiation 


X Bandwidth at Upper -3 


5 MHz or greater 






Input RC characteristics 
(approximate] 


1 megohm, paralleled by 20 pF 


Phase difference between X 
and Y amplifiers at 50kHz 


Less than 3° 


CALIBRATDR 


Waveshape 


Square wave 


Polarity 


Positive going with baseline at zero volts 


Output Voltage 


0.1 volt or 1 volt, peak to peak 


Selected by CALIBFiATOR switch on side 
panel 


Output Cun^nt 


5-milliamperes through 
panel 


PROBE LOOP on side 




Repetition Rate 


1 kHr 






0°C fo +40°C 


-15°C to +55°C 




Voltage Accuracy 


±1% 


±1.5% 




Current Accuracy 


±1% 


±1.5% 




Repetition Rate Accuracy 


±0.5% 


±1% 




Risetime 


Less than 1 microsecond 




Duty Cycle 


49% to 51% 




Output Resistance 




Approximately 200 ohms in 1 V position. 
Approximately 20 ohms in .1 V position. 


Z AXIS INPUT 



Sensitivity 5 volt peak-to-peak signal produces noticeable 



Usable Frequency Range 


modulation 

DC to greater than 50 MHz 




Input Resistance at DC 




Approximately 47 kilohms 


Input Coupling 


DC coupled 




Polarity of Operation 


Positive-going input signal decreases 
trace intensity 

Negative-going signal increases trace 


Maximum Input Voltage 




200 volts combined DC and peak AC 


OUTPUT SIGNALS 


A and B Gate 
Waveshape 


Rectangular pulse 




Amplitude 


12 volts peak, ±10% 




Po la rity 


Positive-going with baseline at about -0.7 volts. 




Duration 


1 Same duration as the respective sweep 
1 


A GATE duration variable between 
about 4 and 11 times the A TIME/DIV 
switch setting with the A SWEEP 
LENGTH control. 


Output resistance 


Approximately 1.5 kilohms 


Vertical Signal Out (CH 1 only) 
Output voltage 


25 millivolts, or greater/division of CRT display 
into 1 megohm load. 




Bandwidth 


DC to 25 MHz or greater when cascaded with 
Channel 2 or into 50-ohm load. 




Output coupling 


DC coupled 




Output resistance 




Approximately 50 ohms 



®i 
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POWER SUPPLY 


Characteristic 


Performance Requirement 


Operational Information 


Line Voltage 


115 volts nominal or 230 volts nominal 


Line voltage and range selected by Line 
Voltage Selector assembly on rear 
panel. Voltage ranges apply for wave- 
form distortion which does not reduce 
the peak line voltage more than 5% 
below the true sine-wave peak value. 


Voltage Ranges (AC, RMS) 
115-volts nominal 


90 to 110 volts 
104 to 126 volts 
112 to 136 volts 


230-volts nominal 


180 to 220 volts 
208 to 252 volts 
22^tq_272 volts 


Line Frequency 


48 to 440 Hz 




Maximum Power Consumption 
at 115 Volts, 60 Hz 




92 watts (105 volt-amperes) 


CATHODE-RAY TUBE (CRT) 


Tube Type 1 Tektronix T4530-31-1 rectangular 


Phosphor 


P31 standard. Others available on 
special order. 


Accelerating Potential 




Approximately 10 kV total (cathode 
potential -1.95 kV). 


Graticule 

Type Internal 




Area Six divisions vertical by 10 divisions horizontal. 

Each division equals 0.8 centimeter. 


Illumination 


Variable edge lighting 


Unblinking 


Bias-type, DC coupled to CRT grid. 


Raster Distortion 


0.1 division or less total 


Adjustable with Geometry and Y Axis 
Align adjustments. 


Trace Finder 


Limits display within graticule area when pressed. 





ENVIRONMENTAL CHARACTERISTICS 

The following environmental test limits apply when tested in accordance with the recom- 
mended test procedure. This instrument will meet the electrical characteristics given in this 
section following environmental test. Complete details on environmental test procedures, 
including failure criteria, etc., may be obtained from Tektronix, Inc. Contact your local 



Tektronix Field 


Office or representative. 




Characteristic 


Performance Requirement 


Supplemental Information 


Temperature 

Operating 


- 1 5 °C to 4-55 °c 


Fan at rear circulates air throughout ins- 
trument. Automatic resetting thermal 
cutout protects instrument from over- 
heating. 


Non-operating 


-55° to -r75°C 




Altitude 

Operating 


15,000 feet maximum 


Derate maximum operating tempera- 
ture by 1 °C/1 000 feet change in altitude 
above 5000 feet. 


Non-operating 


50,000 feet maximum 




Humidity 

Non-operating 


Five cycles (120 hours) of Mil-Std-202C, Method 
106B 


Exclude freezing and vibration 


Vibration 

Operating and 
non-operating 


15 minutes along each of the three major axes 
at a total displacement of 0.025-inch peak to peak 
(4 g at 55 c/s) with frequency varied from 10-55- 
10 c/s in one-minute cycles. Hold at 55 c/s for 
three minutes on each axis. 


Instrument secured to vibration platform 
during test. Total vibration time, about 
55 minutes. 


Shock 

Operating and 
non-operating 


Two shocks of 30 g, one-half sine, 11 millisecond 
duration each direction along each major axis. 


Guillotine-type shocks. 
Total of 12 shocks 
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ENVIRONMENTAL CHARACTERISTICS (cont) 



Characteristic 


Performance Requirement 


Operational Infonnation 


Transportation 

Package vibration 


Meets National Safe Transit type of test when 
packaged asshipped from Tektronix, Inc. 

One hour vibration slightly in excess of 1 g. 


Package should just leave vibration sur- 
face 


Package drop 
Type 453 


30-inch drop on any comer, edge orflat surface. 




Type R453 


18-inch drop on any comer, edge orflat surface. 





MECHANICAL CHARACTERISTICS 



Characteristic 


Infonnation 


Construction 

Chassis 


Aluminum alloy 


Panel 


Aluminum alloy with ano- 
dized finish 


Cabinet 


Blue vinyl-coated aluminum 


Circuit boards 


Glass-epoxy laminate 


Overall Dimensions, Type 
453 (measured ot maxi- 
mum points) 

Height 


7’/, inches 


Width 


12'/j inches 


Length 


20 V 2 inches {includes front 
cover); 22 % inches with 

handle positioned forcan^- 
ing. 


Overall Dimensions, Type 
R453 (measured at maxi- 
mum points) 





Heig ht 7 inches 



Width 


19 inches 


Length 


17V4 inches behind front 

panel; 

19Vi 4 inches overall 


Connectors 
Z AXIS INPUT 


Binding post 


All other connectors 


BNC 


Net Weight 

Type 453 (includes front 
cover without accessor- 
ies) 


Approximately 29 pounds. 


Type R453 (without ac- 
cessories) 


Approximately 32 pounds. 



STANDARD ACCESSORIES 

Standard accessories supplied with the Type 453 and R453 
are listed on the last pullout page of the Mechanical Parts 
List illustrations. 
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SECTION 2 

OPERA TING INSTRUCTIONS 



General 

To effectively use the Type 453, the operation and capa- 
bilities of the instrument must be known. This seotion de- 
scribes the operation of the front-, side- and rear-panel 
controls and connectors, gives first time and general operat- 
ing information and lists some basic applications for this 
instrument. 

Front Cover and Handle 

The front cover furnished with the Type 453 provides a 
dust-tight seal around the front panel. Use the cover to 
proteot the front panel when storing or transporting the 
instrument. The cover also provides storage spaoe for probes 
and other accessories (see H i a . 2 . 




Fig. 2-1. Accessory storage provided in front cover. 

The handle af the Type 453 can be positioned for carrying 
or as a tilt-stand for the instrument. To position the handle, 
press in at both pivot points fse t Fig.^ 2f and turn the 
handle to the desired position. Several positions are pro- 
vided for convenient carrying or viewing. The instrument 
may also be set an the rear-panel feet for operation or 
storage. 

Operating Voltage 

The Type 453 can be operated from either a 115-volt or 
a 230-volt nominal line-voltage source. The Line Voltage 




Fig. 2-2. Handle positioned to provide a stand for the instrument 

Selector assembly on the rear panel converts the instrument 
from one operating range to the other. In addition, this 
assembly ohanges the primary connections of the power 
transformer to allow selection of one of three regulating 
ranges. The assembly also includes the two line fuses. When 
the instrument is converted from 115-volt to 230-volt nominal 
operation, or vice versa, the assembly connects or discon- 
nects one of the fuses to provide the oorrect protection for 
the instrument. Use the following procedure to convert this 
instrument between nominal line voltages or regulating 
ranges. 

1. Disconnect the instrument from the power source. 

2. Loosen the two captive screws which hold the cover 
onto the voltage selector assembly; then pull to remove the 
cover. 

3. To convert from 115-volts nominal to 230-volts nomi- 
nal line voltage, pull out the Voltage Selector switch bar 
fsee l Fig. ~2^ 1: turn it around 180° and plug it back into the 
remaining holes. Change the line-cord power plug to match 
the power-source receptacle or use a 115- to 230-volt 
adapter. 

4. To change regulating ranges, pull out the Range 
Selector switch bar fse d Fio. 2-b f: slide it to the desired 
position and plug it baok in. Select a range which is cen- 
tered about the average line voltage to which the instru- 
ment is to be connected fse fe labie 2 -i i’l. 

5. Re-install the cover and tighten the two captive screws. 

6. Before applying power to the instrument, check that 
the indicating tabs on the switch bars are protruding through 
the correct holes for the desired nominal line voltage and 
regulating range. 



® 2-1 



TM 



11 - 6625 - 1722-15 




Fig. 2-3. Line Voltage Selector assembly on the rear panel (shown 
with cover removed). 



more frequently. The air filter should be cleaned occasion- 
ally to allow the maximum amount of cooling air to enter 
the instrument. Cleaning instructions are given in i Section 41 

The Type 453 can be operated where the ambient air 
temperature is between -15°C and +55°C. Derate the 
maximum operating temperature 1 °C for each additional 
1000 feet of altitude above 5000 feet. This instrument can 
be stored in ambient temperatures between -55°C and 
-r75°C. After storage at temperatures beyond the operating 
limits, allow the chassis temperature to come within the 
operating limits before power is applied. 



Rackmounting 

Complete information for mounting the Type R453 in a 
cabinet rack is given in i Section 101 of this manual. 



CONTROLS AND CONNECTORS 

A brief description of the function or operation of the 
front-, side- and rear-panel controls and connectors follows 
fsee l Fig. 2-H 1. More detailed information is given in this 
section under General Operating Information. 



CAUTION 

The Type 453 should not be operated with the 
Voltage Selector or Range Selector switches in the 
wrong positions for the line voltage applied. 
Operation of the instrument with the switches in 
the wrong positions may either provide incorrect 
aperotion or damage the instrument. 

TABLE 2-1 



Regulating Ranges 



Range Selector 
Switch Position 


Regulating Range 


n 5-Volts 
Nominal 


230-Volts 

Nominal 


LO (switch bar in 
left holes) 


90 to no volts 


180 to 220 volts 


M (switch bar in 
middle holes) 


104 to 126 volts 


208 to 252 volts 


HI (switch bor in 
right holes) 


1 12 to 136 volts 


224 to 272 volts 



Operating Temperature 

The Type 453 is cooled by air drawn in at the rear and 
blown out through holes in the top and bottom covers. Ade- 
quate clearance on the top, bottom and rear must be pro- 
vided to allow heat to be dissipated away from the instru- 
ment. The clearance provided by the feet at the bottom and 
rear should be maintained. If possible, allow about one 
inch of clearance on the top. Do not block or restrict the air 
flow from the air-escape holes in the cabinet. 

A thermal cutout in this instrument provides thermal pro- 
tection and disconnects the power to the instrument if the 
internal temperature exceeds a safe operating level. Opera- 
tion of the instrument for extended periods without the covers 
may cause it to overheat and the thermal cutout to open 



Cathode-Ray Tube 



INTENSITY 

FOCUS 

SCALE ILLUM 



Controls brightness of display. 

Provides adjustment for a well-defined dis- 
play. 

Controls graticule illumination. 



TRACE FINDER Compresses display within graticule area 
independent of display position or appli- 
ed signals. 



Vertical (both channels except as noted) 

VOLTS/DIV Selects vertical deflection factor (VARI- 

ABLE control must be in CAL position for 
indicated deflection factor). 

VARIABLE Provides continuously variable deflection 

factor between the calibrated settings of 
the VOLTS/DIV switch. 



UNCAL Light indicates that the VARIABLE control 

is not in the CAL position. 

POSITION Controls vertical position of trace. 

GAIN Screwdriver adjustment to set gain of the 

Vertical Preamp. Line between adjust- 
ment and 20 mV VOLTS/DIV position in- 
dicates that gain should be set with 
VOLTS/DIV switch in this position. 



Input Coupling Selects method of coupling input signal 
(AC GND DC) to Vertical Deflection System. 

AC: DC component of input signal is 
blocked. Low frequency limit -3 dB 
point) is about 1 .6 hertz. 

GND: Input circuit is grounded (does not 
ground applied signal). 
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Fig. 2-4. Front-, side- and rear-panei controis and connectors. 
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DC: All components of the input signal are 
passed to the Vertical Deflection System. 

STEP ATTEN Screwdriver adjustment to balance Verti- 

BAL cal Deflection System in the 5, 10 and 20 

mV positions of the VOLTS/DIV switch. 

INPUT Vertical input connector for signal. 

MODE Selects vertical mode of operation. 

CH 1: The Channel 1 signal is displayed. 

CH 2: The Channel 2 signal is displayed. 

ALT: Dual trace display of signal on both 
channels. Display switched at end of 
each sweep. 

CHOP: Dual trace display of signal on 
both channels. Approximately one-mi- 
crosecond segmerlts from each channel 
displayed at a repetition rate of about 
500 kilohertz. 

ADD: Channel 1 and 2 signals are alge- 
braically added and the algebraic sum 
is displayed on the CRT. 

TRIGGER Selects saurce of internal trigger signal 

from vertical system. 

NORM: Sweep circuits triggered from dis- 
played channel(s). Channel 1 signal 
available at CH 1 OUT connector. 

CH 1 ONLY: Sweep circuits triggered only 
from signal applied to the Channel 1 
INPUT connector. No signal available 
at CH 1 OUT connector. CH 1 lights, 
located beside A and B SOURCE switch- 
es indicate when the TRIGGER switch is 
in the CH 1 ONLY position. 

INVERT (CH 2 Inverts the Channel 2 signal when pulled 
only) out. 

A and B Triggering (both where applicabie) 

EXT TRIG Input connector for external trigger signal. 

INPUT Connector in B Triggering section of front 

panel also serves as external horizontal 
input when HORIZ DISPLAY switch is in 
EXT HORIZ position and B SOURCE switch 
is in EXT position. 

SOURCE Selects source of trigger signal. 

INT: Internal trigger signal obtained from 

Vertical Deflection System. When CH 
1 light is on, trigger signal is obtained 
only from the Channel 1 input signal; 
when the light is off, the trigger signal 
is abtained from the displayed chan- 
nel(s). Source of internal trigger signal 
is selected by the TRIGGER switch. 

LINE: Trigger signal obtained from a sam- 
ple of the line voltage applied to this 
instrument. 



EXT: Trigger signal obtained from an ex- 
ternal signal applied to the EXT TRIG 
INPUT connector. 

EXT ^ 10: Attenuates external trigger sig- 
nal approximately 10 times. 

CH 1 Light indicates that the internal trigger sig- 

nal is abtained only from the signal con- 
nected to the Channel 1 INPUT connector 
(see TRIGGER switch). 

COUPLING Determines method of coupling trigger 

signal to trigger circuit. 

AC: Rejects DC and attenuates signals be- 
low about 30 hertz. Accepts signals 
between abaut 30 hertz and 50 mega- 
hertz. 

LF REJ: Rejects DC and attenuates signals 
below about 30 kilohertz. Accepts sig- 
nals between about 30 kilohertz and 50 
megahertz. 

HF REJ: Accepts signals between about 30 
hertz and 50 kilohertz; rejects DC and 
attenuates signals outside the above 
range. 

DC: Accepts all trigger signals from DC to 
50 megahertz or greater. 

SLOPE Selects portion of trigger signal which 

starts the sweep. 

+: Sweep can be triggered from positive- 
going portion of trigger signal. 

-: Sweep can be triggered from negative- 
going portion of trigger signal. 

LEVEL Selects amplitude point on trigger signal 

at which sweep is triggered. 

HF STAB Decreases display jitter for high-frequency 

(A Trigger- signals. Has negligible effect at lower 

ing only) sweep rates. 

A and B Sweep 

DELAY-TIME Provides variable sweep delay between 

MULTIPLIER 0.20 and 10.20 times the delay time indi- 

cated by the A TIME/DIV switch. 

A SWEEP Light indicates that A sweep is triggered 

TRIG’D and will produce a stable display with 

correct INTENSITY and POSITION control 
settings. 

UNCAL A Light indicates that either the A or B 

OR B VARIABLE control is not in the CAL posi- 

tion. 

A AND B A TIME/DIV switch (clear plastic flange) 

TIME/DIV selects the sweep rate of the A sweep 
AND DELAY circuit for A sweep only operation and 
TIME selects the basic delay time (to be multi- 

plied by DELAY-TIME MULTIPLIER dial 
setting) for delayed sweep operation. 
B TIME/DIV (DELAYED SWEEP) switch 
selects sweep rate of the B sweep circuit 
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A VARIABLE 



B SWEEP 
MODE 



HORIZ 

DISPLAY 



for delayed sweep operation only. VARI- 
ABLE controls must be in CAL positions for 
calibrated sweep rates. 

Provides continuously variable A sweep 
rate to at least 2.5 times setting of the 
A TIME/DIV switch. A sweep rate is cali- 
brated when control is set fully clockwise 
to CAL. 

Selects B sweep operation mode. 

TRIGGERABLE AFTER DELAY TIME: B 
sweep circuit will not produce a sweep 
until a trigger pulse is received follow- 
ing the delay time selected by the 
DELAY TIME (A TIME/DIV) switch and 
the DELAY-TIME MULTIPLIER dial. 

B STARTS AFTER DELAY TIME: B sweep 
circuit runs immediately following delay 
time selected by the DELAY TIME switch 
and DELAY-TIME MULTIPLIER dial. 

Selects horizontal mode of operation. 

A: Horizontal deflection provided by A 
sweep. B sweep inoperative. 

A INTEN DURING B: Sweep rate deter- 
mined by A TIME/DIV switch. An inten- 
sified portion appears on the sweep 
during the B sweep time. This position 
provides a check of the duration and 
position of the delayed sweep (B) with 
respect to the delaying sweep (A). 



RESET 



A SWEEP 
LENGTH 



POSITION 

FINE 

1 kHz CAL 



SINGLE SWEEP: After a sweep is display- 
ed, further sweeps cannot be presented 
until the RESET button is pressed. Dis- 
play is triggered as for NORM opera- 
tion using the A Triggering controls. 

When the RESET button is pressed (SIN- 
GLE SWEEP mode), a single display will 
be presented (with correct triggering) when 
the next trigger pulse is received. RESET 
light (inside RESET button) remains on 
until a trigger is received and the sweep is 
completed. RESET button must be pressed 
before another sweep can be presented. 

Adiusts length of A sweep. In the FULL 
position (clockwise detent), the sweep is 
about 11 divisions long. As the control is 
rotated counterclockwise, the length of A 
sweep is reduced until it is less than four 
divisions long iust before the detent in 
the fully-counterclockwise position is reach- 
ed. In the B ENDS A position (counter- 
clockwise detent), the A sweep is reset 
at the end of the B sweep to provide the 
fastest possible sweep repetition rate for 
delayed sweep displays. 

Controls horizontal position of trace. 

Provides more precise horizontal position 
adjustment. 

Calibrator output connector. 



MAG 



A SWEEP 
MODE 



DELAYED SWEEP (B): Sweep rate deter- 
mined by B TIME/DIV switch with the 
delay time determined by the setting of 
the DELAY TIME (A TIME/DIV) switch 
and the DELAY-TIME MULTIPLIER dial. 
Sweep mode determined by B SWEEP 
MODE switch. 

EXT HORIZ: Horizontal deflection pro- 
vided by an external signal. 

Increases sweep rate to ten times setting 
of A or B TIME/DIV switch by horizontally 
expanding the center division of the dis- 
play. Light indicates when magnifier is 
on. 

Determines the operating mode for A 
sweep. 



POWER ON Light: Indicates that POWER switch is 
on and the instrument is connected to 
a line voltage source. 

Switch: Controls power to the instrument. 



Side Panel 

ASTIG Screwdriver adjustment used in conjunc- 

tion with the FOCUS control to obtain a 
well-defined display. Does not require 
readjustment in normal use. 

B TiME/DIV- Provides continuously variable sweep rate 

VARIABLE to at least 2.5 times setting of B TIME/DIV 

switch. B sweep rate is calibrated when 
control is set fully clockwise to CAL. 



AUTO TRIG: Sweep initiated by the ap- 
plied trigger signal using the A Trig- 
gering controls when the trigger signal 
repetition rate is above about 20 hertz. 
For lower repetition rates or when there 
is no trigger signal, the sweep free runs 
at the sweep rate selected by the A 
TIME/DIV switch to produce a bright 
reference trace. 



PROBE LOOP Current loop providing five-milliampere 
square-wave current from calibrator cir- 
cuit. 

A GATE Output connector providing a rectangular 

pulse coincident with A sweep. 

B GATE Output connector providing a rectangular 

pulse coincident with B sweep. 



NORM TRIG: Sweep initiated by the ap- CH 1 
plied trigger signal using the A Trig- 
gering controls. No trace is displayed 
when there is no trigger signal. 



OUT Output connector providing a sample of 

the signal applied to the Channel 1 IN- 
PUT connector when the TRIGGER switch 
is in the NORM position. 
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CALIBRATOR Switch selects output voltoge of Calibrator. 

1-volt or 0.1-volt square wave available. 

TRACE Screwdriver adjustment to align trace with 

ROTATION horizontal graticule lines. 

Rear Panel 

Z AXIS INPUT Input connector for intensity modulation 

of the CRT display. 

Line Voltage Switching assembly to select the nominal 

Selector operating voltage and the line voltage 

range. The assembly also includes the 
line fuses. 

Voltage Selector: Selects nominal operat- 
ing voltage range {115V or 230V). 

Range Selector: Selects line voltage range 
(low, medium, high). 

FIRST-TIME OPERATION 

The following steps will demonstrate the use of the con- 
trols and connectors of the Type 453. It is recommended 
that this procedure be followed completely for familiariza- 
tion with this instrument. 

Setup Information 

1. Set the front-panel controls as follows: 

CRT Controls 

INTENSITY Counterclockwise 

FOCUS Midrange 

SCALE ILLUM Counterclockwise 

Vertical Controls (both channels if applicable) 

VOLTS/DIV 20 mV 

VARIABLE CAL 

POSITION Midrange 

INPUT COUPLING D C 

MODE CH 1 

TRIGGER NORM 

INVERT Pushed in 

Triggering Controls (both A and B if applicable) 

LEVEL Clockwise {+) 

SLOPE + 

COUPLING AC 

SOURCE INT 

Sweep Controls 

DELAY-TIME 0.20 

MULTIPLIER 

.5 ms 
CAL 



HORIZ DISPLAY A 

MAG OFF 

POSITION Midrange 

A SWEEP LENGTH FULL 

A SWEEP MODE AUTO TRIG 

POWER OFF 

Side-Panel Controls 

B TIME/DIV VARIABLE CAL 

CALIBRATOR .1 V 



2. Connect the Type 453 to a power source that meets 
the voltage and frequency requirements of the instrument. 
If the available line voltage is outside the limits of the Line 
Voltage Selector assembly position (on rear panel), see 
Operating Voltage in this section. 

3. Set the POWER switch to ON. Allow about five minutes 
warmup so the instrument reaches a normal operating tem- 
perature before proceeding. 

CRT Controls 

4. Advance the INTENSITY control until the trace is at 
the desired viewing level (near midrange). 

5. Connect the 1 kHz CAL connector to the Channel 1 
INPUT connector with a BNC cable. 

6. Turn the A LEVEL control toward 0 until the display 
becomes stable. Note that the A SWEEP TRIG’D light is on 
when the display is stable. 

7. Adiust the FOCUS control for a sharp, well-defined 
display over the entire trace length. (If focused display can- 
not be obtained, see Astigmatism Adjustment in this section.) 

8. Disconnect the input signal and move the trace with 
the Channel 1 POSITION control so it coincides with one of 
the horizontal graticule lines. If the trace is not parallel with 
the graticule line, see Trace Alignment Adjustment in this 
section. 

9. Rotate the SCALE ILLUM control throughout its range 
and notice that the graticule lines are illuminated as the 
control is turned clockwise (most obvious with mesh or smoke- 
gray filter installed). Set control so graticule lines are 
illuminated as desired. 

Vertical Controls 

10. Change the CH 1 VOLTS/DIV switch from 20 mV to 5 
mV. If the vertical position of the trace shifts, see Step 
Attenuator Balance in this section. 

11. Set the CH 1 VOLTS/DIV switch to 20 mV and set the 
Channel 1 Input Coupling switch to AC. Connect the 1 kHz 
CAL connector to both the Channel 1 and 2 INPUT con- 
nectors with two BNC cables and a BNC T connector. 

NOTE 



If the BNC cables and BNC T connector are not 
available, make the following changes in the pro- 
cedure. Place the BNC jack post (supplied ac- 
cessory) on the 1 kHz CAL connector and connect 

the two lOX probes (supplied accessories) to 



A and B TIME/DIV 
A VARIABLE 
B SWEEP MODE 
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the Channel 1 and 2 INPUT connectors. Connect 

the probe tips to the BNC jack post. Set the CALI- 
BRATOR switch (on side-panel) to 1 V. 

12. Turn the Channel 1 POSITION control to center the 
display. The display is a square wave, five divisions in 
amplitude with about five cycles displayed on the screen. If 
the display is not five divisions in amplitude, see Vertical 
Gain Adjustment in this section. 

13. Set the Channel 1 Input Coupling switch to GND ond 
position the trace to the center horizontal line. 

14. Set the Channel 1 Input Coupling switch to DC. Note 
that the baseline of the waveform remains at the center 
horizontal line (ground reference). 

15. Set the Channel 1 Input Coupling switch to AC. Note 
that the waveform is centered about the center horizontal 
line. 

16. Turn the Channel 1 VARIABLE control throughout its 
range. Note that the UNCAL light comes on when the VARI- 
ABLE control is moved from the CAL position (fully clock- 
wise). The deflection should be reduced to about two divi- 
sions. Return the VARIABLE control to CAL. 

17. Set the MODE switch to CH 2. 

18. Turn the Channel 2 POSITION control to center the 
display. The display will be similar to the previous display 
for Channel 1. Check Channel 2 step attenuator balance and 
gain as described in steps 10 through 12. The Channel 2 
input Coupling switch and VARIABLE control operate as 
described in steps 13 through 16. 

19. Set both VOLTS/DIV switches to 50 mV. 

20. Set the MODE switch to ALT and position the Channel 
1 waveform to the top of the graticule area and the Chan- 
nel 2 waveform to the bottom of the graticule area. Turn 
the A TIME/DIV switch throughout its range. Note that the 
display alternates between channels at all sweep rates. 

21. Set the MODE switch to CHOP and the A TIME/DIV 
switch to 10/is.Note the switching between channels as 
shown by the segmented trace. Set the TRIGGER switch to 
CH 1 ONLY; the trace should appear more solid, since it is 
no longer triggered on the between-channel switching trans- 
ients. Turn the A TIME/DIV switch throughout its range. A 
dual-trace display is presented at all sweep rates, but unlike 
ALT, both channels are displayed on each trace on a time- 
sharing basis. Return the A TIME/DIV switch to .5 ms. 

22. Set the MODE switch to ADD. The display should be 
four divisions in amplitude. Note that either POSITION con- 
trol moves the display. 

23. Pull the INVERT switch. The display is a straight line 
indicating that the algebraic sum of the two signals is zero 
(if the Channel 1 and 2 gain is correct). 

24. Set either VOLTS/DIV switch to 20 mV. The square- 
wave display indicates that the algebraic sum of the two 
signals is no longer zero. Return the MODE switch to CH 1 
and both VOLTS/DIV switches to .2 (if using 10X probes, 
set both VOLTS/DIV switches to 20 mV). Push in the INVERT 
switch. 



Triggering 

25. Set the CALIBRATOR switch to 1 V. Rotate the A LEVEL 
control throughout its range. The display free runs at the 
extremes of rotation. Note that the A SWEEP TRIG'D light 
is on only when the display is triggered. 

26. Set the A SWEEP MODE switch to NORM TRIG. Again 
rotate the A LEVEL control throughout its range. A display 
is presented only when correctly triggered. The A SWEEP 
TRIG'D light operates as in AUTO TRIG. Return the A SWEEP 
MODE switch to AUTO TRIG. 

27. Set the A SLOPE switch to -. The trace starts on the 
negative part of the square wave. Return the switch to -i; 
the trace starts with the positive part of the square wave. 

28. Set the A COUPLING switch to DC. Turn the Chan- 
nel 1 POSITION control until the display becomes unstable 
(only part of square wave visible). Return the A COUPLING 
switch to AC; the display is again stable. Since changing 
trace position changes DC level, this shows how DC level 
changes affect DC trigger coupling. Return the display to 
the center of the screen. 

29. Set the MODE switch to CH 2; the display should be 
stable. Remove the signal connected to Channel 1; the dis- 
play free runs. Set the TRIGGER switch to NORM; the dis- 
play is again stable. Note that the CH 1 lights in A and B 
Triggering go out when the TRIGGER switch is changed to 
NORM. 

30. Connect the Calibrator signal to both the Channel 2 
INPUT and A EXT TRIG INPUT connectors. Set the A 
SOURCE switch to EXT. Operation of the LEVEL, SLOPE 
and COUPLING controls for external triggering are the same 
as described in steps 25 through 28. 

31. Set the A SOURCE switch to EXT 4- 10. Operation 
is the same as for EXT. Note that the A LEVEL control has 
less range in this position, indicating trigger signal attenua- 
tion. Return the A SOURCE switch to INT. 

32. Operation of the B Triggering controls is similar to 
A Triggering. 

Normal and Magnified Sweep 

33. Set the A TIME/DIV switch to 5 ms and the MAG 
switch to XI 0. The display should be similar to that obtain- 
ed with the A TIME/DIV switch set to .5 ms and the MAG 
switch to OFF. 

34. Turn the horizontal POSITION control throughout its 
range; it should be possible to position the display across 
the complete graticule area. Now turn the FINE control. The 
display moves a smaller amount and allows more precise 
positioning. Return the A TIME/DIV switch to .5 ms, the 
MAG switch to OFF and return the start of the trace to the 
left graticule line. 

Delayed Sweep 

36. Pull the DELAYED SWEEP knob out and turn it to 50 
(IS ((DELAY TIME remains at .5 ms). Set the HORIZ DISPLAY 
switch to A INTEN DURING B. An intensified portion, about 
one division in length, should be shown at the start of the 
trace. Rotate the DELAY-TIME MULTIPLIER dial throughout 
its range; the intensified portion should move along the dis- 
play. 
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37. Set the B SWEEP MODE switch to TRIGGERABLE 
AFTER DELAY TIME. Again relate the DELAY-TIME MULTI- 
PLIER dial throughout its range and note that the intensified 
portion appears to jump between positive slopes of the dis- 
play. Set the B SLOPE switch to -; the intensified portion 
begins on the negative slope. Rotate the B LEVEL oontrol; 
the intensified portion of the display disappears when the B 
LEVEL oontrol is out of the triggerable range. Return the 
B LEVEL oontrol to 0. 

38. Set the HORIZ DISPLAY switch to DELAYED SWEEP 
(B). Rotate the DELAY-TIME MULTIPLIER dial througout its 
range; about one-half cyole of the waveform should be 
displayed on the screen (leading edge visible only at high 
INTENSITY control setting). The display remains stable on 
the screen, indicating that the B sweep is triggered. 

39. Set the B SWEEP MODE switch to B STARTS AFTER 
DELAY TIME. Rotate the DELAY-TIME MULTIPLIER dial 
throughout its range; the display moves continously across 
the screen as the control is rotated. 

40. Rotate the DELAYTIME MIULTIPLIER dial fully counter- 
clookwise and set the HORIZ DISPLAY switch to A INTEN 
DURING B. Rotate the A SWEEP LENGTH control counter- 
clockwise; the length of the display decreases. Set the con- 
trol to the B ENDS A position; now the display ends after 
the intensified portion. Rotate the DELAY-TIME MULTIPLIER 
dial ond note that the sweep length inoreases as the display 
moves across the screen. Return the A SWEEP LENGTH con- 
trol to FULL and the HORIZ DISPLAY switch to A. 

Single Sweep 

41. Set the A SWEEP MODE switch to SINGLE SWEEP. 
Remove the Calibrator signal from the Channel 2 INPUT 
conneotor. Press the RESET button; the RESET light should 
come on and remain on. Again apply the signal to the Chan- 
nel 2 INPUT connector; a single trace should be presented 
and the RESET light should go out. Return the A SWEEP 
MODE switoh to AUTO TRIG. 

External Horizontal 

42. Connect the Calibrator signal to both the Channel 2 
INPUT and EXT HORIZ (B EXT TRIG INPUT] connectors. Set 
the B SOURCE switch to EXT, B COUPLING switch to DC 
and the HORIZ DISPLAY switch to EXT HORIZ. Increase the 
INTENSITY control setting until the display is visible (two dots 
displayed diagonally). The display should be five divisions 
vertically and about 3.7 divisions horizontally. Set the B 
SOURCE swifeh to EXT 5- 10. The display should be reduced 
ten times horizontally. The display can be positioned hori- 
zontally with the horizontal POSITION or FINE control and 
vertically with the Channel 2 POSITION control. 

43. Conneot the Calibrator signal to both the Channel 1 
and 2 INPUT conneotors. Set the TRIGGER switch to CH 1 
ONLY and the B SOURCE switch to INT. 

44. The display should be five divisions vertically and 
horizontally. The display can be postioned horizontally 
with the Channel 1 POSITION control and vertically with the 
Channel 2 POSITION control. 

45. Change the CHI VOLTS/DIV switch to 5. The display 
play is reduced to two divisions horizontally. Now set the 
CH 2 VOLTS/DIV switch to 5. The display is reduced to two 
divisions vertically. 



Trace Finder 

46. Set the CH 1 and CH 2 VOLTS/DIV switches to 10 
mv. The display is not visible since it exceeds the scan area 
of the CRT. 

47. Press the TRACE FINDER button. Note that the dis- 
play is returned to the display area. While holding the 
TRACE FINDER button depressed, increase the vertical and 
horizontal defleotion factors until the display is reduced to 
about two divisions vertically ond horizontally. Adjust the 
Channel 1 and 2 POSITION controls to center the display 
about the center lines of the graticule. Release the TRACE 
FINDER and note that the display remains within the viewing 
area. Disconnect the applied signal. 

48. Reduce the INTENSITY control setting to normal, B 
SOURCE switch to INT and set the HORIZ DISPLAY switoh 
to A . 

Z-Axis Input 

49. If an. External signal is available (five volts peak to 
peak minimum] the function of tihe Z AXIS INPUT circuit can 
be demonstrated. Connect the external signal to both the 
Channel 2 INPUT connector and the Z AXIS INPUT binding 
posts. Set the A TIME/DIV switch to display about five 
cycles of the waveform. The positive peaks of the waveform 
should be blanked and the negative peaks intensified, indi- 
cating intensify modulation. 

50. This completes the basic operating procedure for the 
Type 453. Instrument operation not explained here, or opera- 
tions which need further explanation are discussed under 
General Operating Information. 

CONTROL SETUP CHART 

I Fi g. 2-51 shows the front, side and rear panels of the Type 
453. This chart can, be reproduced and used as a test-setup 
record for special measurements, applications or procedures, 
or it may be used as a training aid for familiarization with 
this instrument. 

GENERAL OPERATING INFORMATION 
Intensify Control 

The setting of the INTENSITY control may affect the cor- 
rect focus of the display. Slight readjustment of the FOCUS 
control may be necessary when the intensity level is changed. 
To protect the CRT phosphor, do not turn the INTENSITY 
control higher than necessary to provide a satisfactory dis- 
play. The light filters reduce the observed light output from 
the CRT. When using these filters, avoid odvancing the 
INTENSITY control to a setting that may bum the phosphor. 
When Ihe highest intensity display is desired, remove the 
filters and use the clear faceplate protector. Also, be care- 
ful that the INTENSITY control is not set too high when 
changing the TIME/DIV switch front a fast to a slow sweep 
rate, or when changing the HCRIZ DISPLAY switch from EXT 
HCRIZ operation to the norrmal sweep mode. 

Astigmatism Adjustment 

If a well-defined trace cannot be obtained with the FOCUS 
oontrol, adjust the ASTIG adjustment (side panel) as fol- 
lows. 
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C. Rear panel 



Fig. 2-5. Control setup chart for the Type 453. 
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NOTE 

To check for proper setting of the ASTIG adjust- 
ment, slowly turn the FOCUS control through the 
optimum setting. If the ASTIG adjustment is cor- 
rectly set, the vertical and horizontal portions 
of the trace will come into sharpest focus at the 
same position of the FOCUS control. This setting 
of the ASTIG adjustment should be correct for any 
display. Flowever, it may be necessary to reset 
the FOCUS control slightly when the INTENSITY 
control is changed. 

1. Connect a 1 V Calibrator signal to either channel and 
set the VOLT^DIV switch of that channel to present a two- 
division display. Set the MODE switch to display the chan- 
nel selected. 

2. Set the TIME/DIV switch to .2 ms 

3. With the FOCUS control and ASTIG adjustment set to 
midrange, adjust the INTENSITY control so the rising portion 
of the display can be seen. 

4. Set the ASTIG adjustment so the horizontal and verti- 
cal portions of the display are equally focused, but not 
necessarily well focused. 

5. Set the FOCUS control so the vertical portion of the 
trace is as thin as possible. 

6. Repeat steps 4 and 5 for best overall focus. Make final 
check at normal intensity. 



G ra tic ule 

The graticule of the Type 453 is internally marked on the 
faceplate of the CRTto provide accurate, no-parallaxmeas- 
urements The graticule is marked with six vertical and 10 
horizontal divisions. Each division is 0.8 centimeter square. 
In addition, each major division is divided inta five minor 
divisions at the center vertical and horizontal lines. The 
vertical gain and horizontal timing are calibrated to the 
graticule so accurate measurements can be made from the 
CRT. The illumination of the graticule lines can be varied 
with the SCALE ILLUM control. 

I Fig. 2-6 1 shows the graticule of the Type 453 and defines 
the various measurement lines The terminology defined here 
will be used in all discussions involving graticule measure- 
ments 



Trace Alignment Adjustment 

If a free-running trace is not parallel to the horizontal 
graticule lines, set the TRACE ROTATION adjustment as fol- 
lows Position the troce to the center horizontal line. Adjust 
the TRACE ROTATION adjustment (side panel) so the trace 
is parallel with the horizontal graticule lines 



Light Filter 

The mesh filter provided with the Type 453 provides shield- 
ing against radiated EMI (electro-magnetic interference) from 
the face of the CRT. It also serves as a light filter to make 
the trace more visible under ambient light conditions To 




Fig. 2-6. Definition of measurement lines on Type 453 graticule. 



remove the filter, press down at the bottom of the frame 
and pull the top of the filter a way from the CRT faceplate 
(se ^ Flo. 1 ^ ). 

The tinted light filter minimizes light reflections from the 
face of the CRTto improve contrast when viewing the dis 
play under high ambient light conditions. A clear plastic 
faceplate protector is also provided with this instrument for 
use when neither the mesh nor the tinted filter is used. The 
clearfaceplate protectorprovidesthe best display forwave- 
form photographs It is also preferable for viewing high 
writing rate displays. 

A filter or the faceplate protector should be used at all 
timesta protect the CRT faceplate from scratches The face- 
plate protector and the tinted filter mount in the same holder. 




Fig. 2-7. Removing the filterorfaceplate protector. 
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To remove the light filter or faceplate protector from the 
holder, press it out to the rear. They can be replaced by 
snapping them back into the holder. 

Trace Finder 

The TRACE FINDER provides a means af locating a display 
which overscans the viewing area either vertically or hori- 
zontally. When the TRACE FINDER button is pressed, the 
display is compressed within the graticule area. To locate 
and reposition an overscanned display, use the following 
procedure. 

1. Press the TRACE FINDER button. 

2. While the TRACE FINDER button is held depressed, 
increase the vertical and horizontal deflection factors until 
the vertical deflection is reduced to about two divisions and 
the horizontal deflection is reduced to about four divisions 
(the horizontal deflection needsto be reduced only when in 
the external horizontal mode of operation). 

3. Adjust the vertical and horizontal POSITION controls 
to centerthe display about the vertical and horizontal cen- 
ter lines 

4. Release the TRACE FINDER button; the display should 
remain within the viewing area. 

Vertical Channel Selection 

Either of the input channels can be used for single-trace 
displays Apply the signal to the desired INPUT connector 
and set the MODE switch to display the channel used. Flow- 
ever, since CH 1 ONLY triggering is provided only in Chan- 
nel 1 and the invert feature only in Channel 2, the correct 
channel must be selected to take advantage of these fea- 
tures For dual-trace displays, connect the signals to both 
INPUT connectors and set the MODE switch to one of the 
dual-trace positions 

Vertical Gain Adjustment 

To check the gain of either channel, set the VOLT^DIV 
switch to 20 mV. Set the CALIBFtATDR switch to .IV and 
connect the 1 kFIz CAL connectorto the INPUT of the chan- 
nel used. The vertical deflection should be exactly five 
divisions If not, adjust the front-panel GAIN adjustment 
for exactly five divisions of deflection. 

NOTE 

If the gain of the two channels must be closely 

matched (such as for ADD mode operation), the 

ADJUSTMENT procedure given in the Calibration 

section should be used. 

The best measurement accuracy when using probes is pro- 
vided if the GAIN adjustment is made with the probes in- 
stalled (set the CAUBFtATOR switch to 1 V). Also, to provide 
the most accurate measurements, calibrate the vertical gain 
of the Type 453 at the temperature at which the measurement 
is to be made. 

Step Attenuator Balance 

To check the step attenuator balance of either channel, 
set the Input Coupling switch to GND and set the A SWEEP 



MODE swich to AUTO TRIG to provide a free-running trace. 
Change the VOLT^DIV switch from 20 mV to 5 mV. If the 
trace moves vertically, adjust the front-panel STEP ATTEN 
BAL adjustment as follows (allow at least 10 minutes warm 
up before performing this adjustment]. 

1. With the Input Coupling switch set to GND and the 
VOLT^DIV switch set to 20 mV, move the trace to the center 
horizontal line of the graticule with the vertical POSITION 
control. 

2. Set the VOLTS/DIV switch to 5 mV and adjust the 
STEP ATTEN BAL adjustment to return the trace to the center 
horizonal line. 

3. Recheck step attenuator balance and repeat adjustment 
until no trace shift occurs as the VOLT^DIV switch is chang- 
ed from 20 mV to 5 mV. 



Signal Connections 

In general, probes offer the most convenient means of con- 
necting a signal to the input of the Type 453. The Tektronix 
probes are shielded to prevent pickup of electrostatic inter- 
ference. A lOX attenuator probe offers a high input imped- 
ance and allows the circuit under test to perfomi very close 
to normal operating conditions. Flowever, a lOX probe 
also attenuates the input signal 10 times. The Tektronix 
P6045 Field Effect Transistor probe and accessory power 
supply offer the same high-input impedance as the lOX 
probes. Flowever, it is particularly useful since it provides 
wide-band operatian while presenting no attenuation (IX 
gain) and a low input capacitance. To obtain maximum 
bandwidth when using the probes, observe the grounding 
considerations given in the probe manual. The probe-to- 
connectoradaptersand the bayonet-ground tip provide the 
best frequency response. Remember that a ground strap 
only a few inches in length can produce several percent of 
ringing when operating at the higher frequency limit of this 
system. See your Tektronix, Inc. catalog for characteristics 
and compatibility of probes for use with this system. 

In high-frequency applications requiring maximum overall 
bandwidth, use coaxial cables terminated at both ends in 
their characteristic impedance. See the discussion on coax- 
ial cables in this section for more information. 

Fligh-level, low-frequency signals can be connected directly 
to the Type 453 INPUT connectors with short unshielded 
leads. This coupling method works best for signals below 
about one kilohertz and deflection foctors above one volV 
division. When this method is used, establish a common 
ground between the Type 453 and the equipment undertest. 
Attempt to position the leadsaway from any source of inter- 
ference to avoid errors in the display. If interference is 
excessive with unshielded leads, use a coaxial cable ora 
probe. 

Loading Effect of the Type 453 

As nearly as possible, simulate actual operating condi- 
tions in the equipment undertest. Otherwise, the equipment 
under test may not produce a nonmal signal. The lOX 
attenuatorprobe and field effect transistor pro be mentioned 
previously offer the least circuit loading. See the probe 
instruction manual for loading characteristics of the indivi- 
dual probes. 
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When the signal is coupled directly to the input of the 
Type 453, the input impedance is about one megohm 
paralleled by about 20 pF. When the signal is coupled to 
the input through a coaxial cable, the effeclive input ca- 
pacitance depends upon the type and length of cable used. 
See the following discussion for information on obtaining 
maximum frequency responspe with coaxial cables. 



Coaxial Cable Considerotiorts 

The signal cables used to connect the signal 10 the type 
453 INPUT connectors have a large effect on the accuracy 
of the displayed high-frequency waveform. To maitain the 
high-frequency characteristics of the applied signal, high- 
quality low-loss coaxial cable should be used. The cable 
should be terminated at the Type 453 INPUT connector in its 
characteristic impedonce. If it is necessary to use cables 
with differing characteristic impedances, use suitable imped- 
ance-matching devices to provide the correct transition, with 
minimum loss, from one impedance to the other. 

The characteristic impedance, velocity of propagation and 
nature of signal lossesin a coaxial cable are detemiined 
by the physical and electrical characteristics of the cable. 
Losses caused by energy dissipation in the dielectric are 
proportional to the signal frequency. Therefore, much of 
the high-frequency information in a fast-rise pulse can be 
lost in only a few feet of interconnecting cable if it is not 
the correct type. To be sure of the high-frequency response 
of the system when using cables longerthan about five feet, 
observe the transient response of the Type 453 and the 
interconnecting cable with a fast-rise pulse generator (gen- 
erator rise time less than 0.5 nanoseconds). 



Input Coupling 

The Channel 1 and 2 Input Coupling switches allow a 
choice of input coupling. The type of display desired will 
determine the coupling used. 

The DC position can be used for most applications. How- 
ever, if the DC component of the signal is much largerthan 
the AC component, the AC position will probably provide a 
better display. DC coupling should be used to display AC 
signals below about 16 heltz as they will be attenuated in 
the AC position. 

In the AC position, the DC component of the signal is 
blocked by a capacitor in the input circuit. The low-fre- 
quency response in the AC position is about 1.6 hertz (-3 dB 
point). Therefore, some low-frequency distortion can be 
expected near this frequency limit. Distortion will also 
appear in square waves which have low-frequency com- 
ponents 

The GND position provides a ground reference at the 
input of the Type 453. The signal applied to the input con- 
nector is internally disconnected but not grounded. The 
input circuit is held atground potential, eliminating the need 
to externally ground the input to establish a DC ground 
reference. 

The GND position can also be used to pre-charge the 
coupling capacitor to the average voltage level of the signal 
applied to the INPUT connector. This allows measurement 
of only the AC component of signals having both AC and 



DC components The pre-charging network incorporated 
in this unit a Nows the input-coupling capacitor to charge to 
the DC source voltage level when the Input Coupling switch 
is set to GND. The procedure for using this feature is as 
follows: 

1. Before connecting the signal containing a DC compo- 
nent to the Type 453 INPUTconnector, set the Input Coupling 
switch to GND. Then connect the signal to the INPUT 
connector. 

2. Wait about one second for the coupling capacitor to 
charge. 

3. Set the Input Coupling switch to AC. The trace (dis 
play) will remain on the screen and the AC component of 
the signal can be measured in the normal manner. 



Deflection Factor 

The amount of vertical deflection produced by a signal 
isdetermined by the signal amplitude, the attenuation factor 
of the probe (if used), the setting of the VOLTS^DIV switch 
and the setting of the VARIABLE VOLTS/DIV control. The 
calibrated deflection factors indicated by the VOLTS/DIV 
switches apply only when the VARIABLE control is set to 
the CAL position. 

The VARIABLE VOLTS/DIV control provides variable 
(uncalibrated) vertical deflection between the calibrated 
settings of the VOLT^DIV switch. The VARIABLE control 
extends the maximum vertical deflection factor of the Type 
453 to at least 25 volt^division (10 volts position). 



Dual -Trace Operation 

Alternate Mode. The ALT position of the MODE switch 
produces a display which alternates between Channel 1 and 
2 with each sweep of the CRT Although the ALT mode 
can be used at all sweep rates, the CHOP mode provides 
a more satisfactory display at sweep rates below about 50 
microsecond^division. At these slower sweep rates, alternate 
mode switching becomes visually perceptible. 

Proper internal triggering in the ALT mode can be ob- 
tained in either the NORM or CH 1 ONLY positions of the 
TRIGGER switch. When in the NORM position, the sweep is 
triggered from the signal on each channel. This provides a 
stable display of two unrelated signals, but does not indicate 
the time relationship between the signals. In the CH 1 ONLY 
position, the two signals are displayed showing true time 
relationship. If the signals are not time related, the Channel 
2 waveform will be unstable in the CH 1 ONLY position. 

Chopped Mode. The CHOP position of the MODE switch 
producesa display which is electronic ally switched between 
channels. In general, the CHOP mode provides the best 
display at sweep rates slowerthan about 50 microsecond^ 
division, orwheneverdual-trace, single-shot phenomena are 
to be displayed. At faster sweep rates the chopped switch- 
ing becomes apparent and may interfere with the display. 

Proper internal triggering for the CHOP mode is provided 
with the TRIGGER switch set to CH 1 ONLY. If the NORM 
position is used, the sweep circuits are triggered from the 
between-channel switching signal and both waveforms will 
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be unstable. External triggering provides the same result as 
CH 1 ONLY triggering. 

Two signals which are time-related can be displayed in 
the chopped mode showing true time relationship. If the 
signals are not time-related, the Channel 2 display will 
appear unstable. Two single-shot, transient, or random 
signals which occur within the time interval detemiined by 
the TME/DIV switch (10 times sweep rate) can be compared 
using the CHOP mode. To correctly trigger the sweep for 
maximum resolution, the Channel 1 signal must precede the 
Channel 2 signal. Since the signals show true time relation- 
ship, time-difference measurements can be made. 



Channel 1 Output and Cascaded Operation 

If a lower deflection factor than provided by the VOLTS/ 
DIV switches is desired, Channel 1 can be used as a wide- 
band preamplifier for Channel 2. Apply the input signal to 
the Channel 1 INPUT connector. Connect a 50-ohm BNC 
cable (18-inch or shorter cable for maximum cascaded fre- 
quency response) between the CH 1 OUT (side panel) and 
the Channel 2 INPUT connectors. Set the MODE switch to 
CH 2 and the TRIGGER switch to NORM. With both VOLTS^ 
DIV switches set to 5 mV, the deflection factor will be less 
than one millivolVdivision. 

To provide calibrated one millivolVdivision deflection 
factor, connectthe .1 volt Calibratorsignal to the Channel 1 
INPUT connector. Set the CH 1 VOLT^DIV switch to .1 
and the CH 2 VOLT^DIV switch to 5 mV. Adjust the Chan- 
nel 2 VARIABLE VOLTS^DIV control to produce a display 
exactly five divisions in amplitude. The cascaded deflection 
factor is determined by dividing the CH 1 VOLT^DIV switch 
setting by 5 (CH 2 VOLT^DIV switch and VARIABLE control 
remain as set above). For example, with the CHI VOLTS/ 
DIV switch set to 5 mV the calibrated deflection factor will 
be 1 millivolVdivision: CH 1 VOLTS^DIV switch set to 10 mV, 
2 millivolt^division, etc. 

The following operating considerations and basic appli- 
cations may suggest other uses for this feature. 

1. If AC coupling is desired, set the Channel 1 Input 
Coupling switch to AC and leave the Channel 2 Input 
Coupling switch set to DC. When both Input Coupling 
switches are set to DC, DC signal coupling is provided. 

2. Keep both vertical POSmON controls set near mid- 
range. If the input signal has a DC level which necessitates 
one of the POSITION controls being turned away from 
midrange, correct operation can be obtained by keeping 
the Channel 2 POSmON control near midrange and using 
the Channel 1 POSmON control to position the trace near 
the desired locatian. Then, use the Channel 2 POSITION 
control far exact positioning. This method will keep both 
Input Preamps operating in their linear range. 

3. The output voltage at the CH 1 OUT connecter is at 
least 25 millivolt^division of CRT display in all CH 1 VOLTS/ 
DIV switch positions. 

4. The MODE switch and Channel 1 VARIABLE VOLT^ 
DIV control have no effect on the signal available at the 
CH 1 OUT connector. 

5. The Channel 1 Input Preamp can be used asan imped- 
ance matching stage with or without voltage gain. The 
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input resistance is one megohm and the output resistance is 
about 50 ohms. 

6. The dynamic range of the Channel 1 Input Preamp is 
equal to about 20 times the CH 1 VOLTS/DIV setting. The 
CHI OUT signal is nominally at 0 volt DC for a 0 volt DC 
input level [Channel 1 POSmON control centered). The 
Chanel 1 POSITION control can be used to center the out- 
put signal within the dynamic range of the amplifier. 

7. If dual-trace operation is used, the signal applied to 
the Channel 1 INPUT connector is displayed when Channel 
1 is turned on. When Channel 2 is turned on, the amplified 
signal is displayed. Thus, Channel 1 trace can be used to 
monitor the input signal while the amplified signal is dis- 
played by Channel 2. 

8. In special applications where the flat frequency re- 
sponse of the Type 453 is not desired, a filter inserted 
between the CH 1 OUT and Channel 2 INPUT connector 
allows the oscilloscope to essentially take on the frequency 
response of the filter. Combined with method 7, the inputcan 
be monitored by Channel 1 and the filtered signal displayed 
by Channel 2. 

9. By using Channel 1 as a 5X low-level voltage pre- 
amplifier (5 mV position), the Channel 1 signal available 
at the CH 1 OUT connector can be used for any application 
where a low-impedance preamplifier signal is needed. 
Remember that if a 50-ohm load impedance is used, the 
signal amplitude will be about one-half. 



Algebraic Addition 

General. The ADD position of the MODE switch can be 
used to display the sum or difference of two signals, for 
common-mode rejection to remove an undesired signal or for 
DC offset (applying a DC voltage to one channel to offset 
the DC component of a signal on the other channel). 

The common-mode rejection ratio of the Type 453 is 
greater than 20:1 at 20 megahertz for signal amplitudes up 
to eight times the VOLTS/DIV switch setting. Rejection ratios 
of 100:1 can typically be achieved between DC and 5 mega- 
hertz by careful adjustment of the gain of either channel 
while observing the displayed common-mode signal. 

Deflection Factor. The overall deflection in the ADD 
position of the MODE switch when both VOLTS/DIV switches 
are set to the same position is the same as the deflection 
factor indicated by either VOLT^DIV switch. The ampli- 
tude of an added mode display can be detemiined directly 
from the resultant CRT deflection multiplied by the deflec- 
tion factor indicated by either VOLTS/DIV switch. How- 
ever, if the CHlandCH2 VOLTS/DIV switches are set to 
different deflection factors, resultant voltage is difficult to 
determine from the CRT display. In this case, the voltage 
amplitude of the resultant display can be determined accu- 
rately only if the amplitude of the signal applied to either 
channel is known. 

Precautions. The following general precautions should 
be observed when using the ADD mode. 

1. Do not exceed the input voltage rating of the Type 
453. 
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2. Do not apply signals that exceed on equivalent of 
about 20 times the VOLTS^DIV switch setting. For example, 
with a VOLT5/DIV switch setting of .5, the voltage applied 
to that channel should not exceed about 10 volts. Larger 
voltages may distort the display. 

3. Use vertical POSITION control settings which most 
nearly position the signal of each channel to mid-screen 
when viewed in either the CH 1 or CH 2 positions of the 
MODE switch. This insures the greatest dynamic range for 
ADD mode operation. 

4. For similiar response from each channel, set both Input 
Coupling switches to the same position. 



Trigger Source 

INI For most applications, the sweep can be triggered 
internally. In the INT position of the Triggering SOURCE 
switch, the trigger signal is obtained from the Vertical 
Deflection System. The TRIGGER switch provides further 
selection of the internal trigger signal; obtained from the 
Channel 1 signal in the CH 1 ONLY position, or from the 
displayed signal when in the NORM position. For single- 
trace displays of either channel, the NORM position pro- 
vides the most convenient operation. However, for dual- 
trace displays special considerations must be made to provide 
the correct display. Set Dual-Trace Operation in this section 
fordual-trace triggering information. 

UNE. The UNE position of the SOURCE switch connects 
a sample of the power-line frequency to the Trigger Gen- 
erator circuit. Une triggering is useful when the input signal 
is time-related to the line frequency. It is also useful for 
providing a stable display of a line-frequency component 
in a complex waveform. 

EXT An external signal conected to the EXT TRIG INPUT 
connector can be used to trigger the sweep in the EXT 
position of the Triggering SOURCE switch. The external sig- 
nal must be time-related to the displayed signal for a stable 
display. An external trigger signal can be used to provide 
a triggered display when the internal signal is too low in 
amplitude for correct triggering, or contains signal com- 
ponents on which it is not desired to trigger. It is also useful 
when signal tracing in amplifiers, phase-shift networks, wave- 
shaping circuits, etc. The signal from a single point in the 
circuit under test can be connected to the EXTTRIG INPUT 
connector through a signal probe or cable. The sweep is 
then triggered by the same signal at all times and allows 
amplitude, time relationship or waveshape changes of 
signals at various points in the circuit to be examined with- 
out resetting the trigger controls 

EXT 10. Operation in the EXT 5- 10 position is the 
same asdescribed forEXTexcept that the external triggering 
signal is attenuated 10 times Attenuation of high-amplitude 
external triggering signals is desirable to broaden the range 
of the Triggering LEVEL control. When the COUPLING 
switch is set to LF REJ , attenuation is about 20:1. 

Trigger Coupling 

Four methods of coupling the trigger signal to the trigger 
circuits can be selected with the Triggering COUPLING 
switches. Each position permits selection or rejection of the 



frequency components of the trigger signal which can trigger 
the sweep. 

AC. The AC position blocks the DC component of the 
triggersignal. Signals with low-frequency components below 
about 30 hertz are attenuated. In general, AC coupling can 
be used for most applications. However, if the triggersignal 
contains unwanted components or if the sweep is to be 
triggered at a low repetition rate ora DC level, one of the 
remaining COUPUNG switch positions will provide a better 
display. 

The triggering point in the AC position depends on the 
average voltage level of the trigger signal. If the trigger 
signalsoccurin a random fashion, the average voltage level 
will vary, causing the triggering point to vary also. This shift 
of the triggering point may be enough so it is impossible to 
maintain a stable display. In such cases, use DC coupling. 

LF FEJ . In the LF REJ position, DC is rejected and signals 
below about 30 kilohertz are attenuated. Therefore, the 
sweep will be triggered only by the higher-frequency com- 
ponents of the signal. This position is particularly useful 
for providing stable triggering if the triggersignal contains 
line-frequency components Also, in the ALT position of the 
MODE switch, the LF REJ position provides the best display 
at high sweep rates when comparing two unrelated signals 
(TRIGGER switch set to NORM). 

HF FlEJ . The HF REJ position passes all low-frequency 
signals between about 30 hertz and 50 kilohertz. DC is 
rejected and signals outside the given range are attenuated. 
When triggering from complex waveforms, this position is 
useful for providing stable display of low-frequency compo- 
nents. 

DC. DC coupling can be used to provide stable triggering 
with low-frequency signals which would be attenuated in 
the AC position, or with low-repetition rate signals. The 
LEVEL control can be adjusted to provide triggering at the 
desired DC level on the waveform. When using internal 
triggering, the setting of the Channel 1 and 2 POSmON 
controls affects the DC trigger level. 

DC trigger coupling should not be used in the ALTdual- 
trace mode if the TRIGGER switch is set to NORM. If used, 
the sweep will triggeron the DC level of one trace and then 
either lock out completely or free run on the other trace. 
Con^ct DC triggering forthis mode can be obtained with 
the TRIGGER switch set to CH 1 ONLY. 



Trigger Slope 

The triggering SLOPE switch determines whetherthe trigger 
circuit responds on the positive-going or negative-going 
portion of the trigger signal. When the SLOPE switch is in 
the + (positive-going) position, the display starts with the 
positive-going portion of the waveform; in the - (negative- 
going) position, the display starts with the negative-going 
portion of the waveform (se d ho. 2-a l. When several cycles 
of a signal appear in the display, the setting of the SLOPE 
switch is often unimportant. However, if only a certain 
portion of a cycle is to be displayed, con^ct setting of the 
SLOPE switch is important to provide a display which starts 
on the desired slope of the input signal. 
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Tri g g e r Le ve I 

The Triggering LEVEL control determines the voltage level 
on the trigger signal at which the sweep is triggered. When 
the LEVEL control is set in the + region, the trigger circuit 
responds at a more positive point on the trigger signal. 
When the LEVEL control is set in the - region, the trigger 
circuit responds at a more negative point on the trigger 
sianaI. rFid. 2-HI illustrates this effect with different settings 
of the SLOPE switch. 

To set the LEVEL control, first select the Triggering 
SOURCE, COUPLING and SLOPE. Then set the LEVEL 
control fully counterclockwise ond rotate it clockwise until 
the display starts at the desired point. 



High-Frequency Stability 

The HF STAB control (A only) is used to provide a stable 
display of high-frequency signals If a stable display cannot 
be obtained using the A LEVEL control (trigger signal must 
have adequate amplitude), adjust the HF STAB control for 
minimum horizontal jitter in the display. This control has 
little effect with low-frequency signals 



A Sweep Triggered Light 

The A SWEEP TRIG'D light provides a convenient indica- 
tion of the condition of the A Triggering circuit. If the A 
Triggering controls are conoctly adjusted with an adequate 
trigger signal applied, the light is on. However, if the A 
LEVEL control is misadjusted, the A COUPLING or A 
SOURCE switches incorrectly set or the trigger signal too 
low in omplitude, the A 3A/EEP TRIG’D light will be off. 
This feature can be used as a general indication of correct 
triggering. It is particularly useful when setting up the 
trigger circuits when a trigger signal is available without a 
trace displayed on the CRT and it also indicates that the A 
sweep is conoctly triggered when operating in the DELAYED 
SWEEP (B) mode. 



A Sweep Mode 

AUTO TRIG. The AUTO TRIG position of the A SWEEP 
MODE switch provides a stable display when the A LEVEL 
control is correctly set (see Trigger Level in this section] and 
a trigger signal is available. The A SWEEP TRIG'D light 
indicates when the A Sweep Generator is triggered. 

When the trigger repetition rate is less then about 20 
hertz, or in the absence of an adequate trigger signal, the 
A Sweep Generatorfree runs to produce a reference trace. 
When an adequate trigger signal is again applied, the 
free-running condition ends and the A Sweep Generator is 
triggered to produce a stable display (with correct A LEVEL 
control setting.) 

NORM TRIG. Operation in the NORM TRIG position 
when a trigger signal is applied is the same as in the AUTO 
TRIG position. However, when a trigger signal is not present, 
the A Sweep Generator remains off and there is no display. 
The A SWEFP TRIG'D light indicates when the A sweep is 
triggered. The NORM TRIG mode can be used to display 



signals with repetition rates below about 20 hertz. This mode 
providesan indication of an adequate triggersignal aswell 
as the correctness of trigger control settings, since there is 
no display without proper triggering. Also, the A SWEEP 
TRIG'D light is off when the A sweep is not correctly 
triggered. 

SINGLE SWEEP. When the signal to be displayed is not 
repetitive or varies in amplitude, shape ortime, a conven- 
tional repetitive display may produce an unstable presenta- 
tion. To avoid this, use the single-sweep feature of the Type 
453. The SINGLE SWEEP mode can also be used to photo- 
graph a non-repetitive signal. 

To use the SINGLE SWEEP mode, first make sure the 
trigger circuit will respond to the event to be displayed. 
Set the A SWEEP MODE switch to AUTO TRIG or NORM 
TRIG and obtain the best possible display in the normal 
manner (for random signals set the trigger circuit to trigger 
on a signal which is approximately the same omplitude and 
frequency as the random signal). Then, set the A SWEEP 
MODE switch to SINGLE SWEEP and press the RESET button. 
When the RESET button is pushed, the next trigger pulse 
initiates the sweep and a single trace will be presented on 
the screen. After this sweep is complete, the A Sweep Gen- 
erator is "locked out" until reset. The RESET light located 
inside the RESET button lights when the A Sweep Generator 
circuit has been reset and is ready to produce a sweep; 
it goes out after the sweep is complete. To prepare the 
circuit for another single-sweep display, press the RESET 
button again. 



Selecting Sweep Rate 

The A AND B TIME/DIV switches select calibrated sweep 
rates for the Sweep Generators. The A and B VARIABLE 
controls provide continuously variable sweep rates between 
the settings of the TIME/DIV switches Whenever the UNCAL 
A OR B light is on, the sweep rate of either A or B Sweep 
Generator, or both, is uncalibrated. The light is off when 
the A VARIABLE (front panel) and B TIME/DIV VARIABLE 
(side panel) controls are both set to the CAL position. 

The sweep rate of the A Sweep Generator is bracketed 
by the two black lines on the clear plastic flange of the 
TIME/DIV switch (see Fig. 2-9)1 The B Sweep Generator 
sweep rate is indicated by the dot on the DELAYED SWEEP 
knob. When the dot on the outer knob is set to the same 
position as the lines on the inner knob, the two knobs lock 
together and the sweep rate of both Sweep Generators is 
changed at the same time. However, when the DELAYED 
SWEEP knob is pulled outward, the clear plastic flange is 
disengaged and only the B Sweep Generator sweep rate is 
changed. This allows changing the delayed sweep rate 
wihout changing the delay time detennined bythe A Sweep 
Generator. 

When making time measurements from the graticule, the 
area between the first-division and ninth-division vertical lines 
provides the most linear time measurement (se t? Fig. 2-lD L 
Therefore, the first and last division of the display should not 
be used for making accurate time measurements. Position 
the start of the timing area to the first-division vertical line 
and set the TIME/DIV switch so the end of the timing area 
falls between the first- and ninth-division vertical lines 
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Sweep Magnification 

The sweep magnifier expands the sweep ten times The 
center division of the unmagnified dispiay is the portion 
visibie on the screen in mognified form Isee hia. 1 2-111. Equiv- 
aient iength of the magnified sweep is about 100 divisions: 
any 10 division portion may be viewed by adjusting the 
horizontai POSmON controi to bring the desired portion 
onto the viewing area. The FiNE position controi is particu- 
iariy usefui when the magnifier is on, as it provides position- 
ing in smaii increments for more precise controi. 

To use the magnified sweep, first move the portion of the 
dispiay which is to be expanded to the center of the grati- 
cuie. Then set the MAG switch to XIO. The FiNE position 
controi can be adjusted to position the magnified dispiay 




Fig. 2-10. Area of graticule used for accurate time measurements. 



Fig. 2-11. Operation of sweep magnifier. 

as desired. The iight iocated beiow the MAG switch is on 
whenever the magnifier is on. 

When the MAG switch is set to XIO, the sweep rate is 
detemiined by dividing the TIME/DIV switch setting by 10. 
For example, if the TIME/DIV switch is set to .5 /is, the 
magnified sweep rate is 0.05 microsecond/division. The 
magnified sweep rate must be used for all time measure- 
ments when the MAG switch is set to XIO. The magnified 
sweep rate is calibrated when the UNCAL A OR B light 
is off. 



Delayed Sweep (B) 

The delayed sweep (B sweep) is operable in the A INTEN 
DURING B and DELAYED SWEEP (B) positions of the HORIZ 
DISPLAY switch. The A sweep rate along with the DELAY- 
TIME MULTIPLIER dial setting determines the time that the 
B sweep is delayed. Sweep rate of the delayed portion is 
determined by the B TIME/DIV (DELAYED SWEEP) switch 
setting. 

In the A INTEN DURING B position, the display will 
appear similar to iFio. Z-lIA . The amount of delay time 
between the start of A sweep and the intensified portion is 
determined by the setting of the A TIME/DIV switch and the 
DELAY-TIME MULTIPLIER dial. 

For example, the delay indicated by the DELAY-TIME 
MULTIPUER dial setting shown in | Fig. 2-f 3 is 3.55; this cor- 
responds to 3.55 CRT divisions of A sweep. This reading 
multiplied by the setting of the A TIME/DIV switch gives 
the calibrated delay time before the start of the B sweep 
(see B Sweep Mode which follows). The intensified portion 
of the display is produced by the B sweep. The length of 
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Fig. 2-12. (A) A INTEN DURING B display (DELAY-TIME MULTI- 
PLIER, 2.95; A TIME/DIV, .5 ms; B TIME/DIV, 50 /is), (B) DELAYED 
SWEEP (B) display. 

this portion is about 10 times the setting of the B TlME/DiV 
switch. 

When the HORiZ DiSPUY switch is set to DELAYED 
3A/EEP (B), oniy the intensified portion as viewed in the A 
iNTEN DURiNG B position is dispiayed on the screen at 
the sweep rate indicated by the B TlME/DiV switch (see 
I Fig. 2-lI B). 



B SWEEP MODE. The B SWEEP MODE switch provides 
two modes of deiayed sweep onerati itn. Flo. 2-l 4 iiiustrates 
the difference between these two modes in the B STARTS 
AFTER DELAY TIME position, the B sweep is presented im- 
mediateiy after the deiay time (se 4 Flo. 2-14 A1. The B sweep 
is triggered at a seiected point on A sweep to provide the 
deiay time (B sweep essentia iiy free running]. Since the deiay 
time isthe same foreach sweep, the dispiay appears stabie 
in the TRiGGERABLE AFTER DELAY TIME position, the B 
sweep operates oniy when it is triggered (by TriggerCircuits) 
after the seiected deiay time (see i nq. TZn tB). The B Trig- 
gring controis operate as described in this section. 

Deiayed Sweep Operation. To obtain a deiayed sweep 
dispiay use the foiiowing procedure. 

1. Obtain a stabie dispiay with the FIORiZ DiSPLAY 
switch set to A. 

2. Set the HORiZ DiSPLAY switch to A iNTEN DURiNG 
B. 

3. Set the B SWEEP MODE switch to the desired setting, 
if TRiGGERABLE AFTER DELAY TIME is seiected, correct B 
Triggering isaiso necessary, 

4. Set the deiay time with the A TlME/DiV switch and 
the DELAY-TIME MULTIPUER diai. 

5. Puii the DELAYED SWEEP (B TlME/DiV) knob out and 
set to the desired sweep rate. 

6. if the TRiGGERABLE AFTER DELAY TIME position is 
used, check the dispiay for an intensified portion. Absence 
of the intensified zone indicates that B sweep is not correctiy 
triggered. 

7. Set the HORiZ DiSPLAY switch to DELAYED SWEEP (B). 
The intensified zone shown in the A iNTEN DURiNG B posi- 
tion is now dispiayed at the sweep rate seiected by the B 
TlME/DiV switch. 

Severai exampies using the deiayed sweep feature are 
given under Basic Appiications in this section. 



divisions ( 3 ) 



Minor Hia? 

divisions ( 5.5 or 55 ) 




A 



Tdfvu: DiV 

rif 5 piy 



Fig. 2-13. DELAY-TIME MULTIPLIER dial. Reading shown: 3.55. 



A Sweep Length. The A SWEEP LENGTH controi is 
most usefui when used with deiayed sweep. As the controi 
is rotated counterciockwise from the FULL position, the iength 
of the A sweep decreases (sweep rate remains constant) 
untii it is about four divisions iong in the counterciockwise 
position (not in B ENDS A detent). The B ENDS A position 
produces a dispiay which ends immediateiy foiiowing B 
sweep if the B sweep ends before the norma i end of A sweep. 
The A SWEEP LENGTH controi is used to increase the repe- 
tition rate of deiayed sweep dispiays 

To use the A SWEEP LENGTH controi, set the HORiZ 
DiSPLAY switch to A iNTEN DURiNG B and set the deiay 
time and deiayed sweep rate in the norma i manner. Turn 
the A SWEEP LENGTH controi counterciockwise untii the 
sweep ends immediateiy foiiowing the intensified portion on 
the dispiay. Now set the HORiZ DiSPLAY switch to DELAYED 
SWEEP (B). This method provides the maximum repetition 
rate for a given deiayed sweep dispiay. in the B ENDS A 
position, the maximum deiayed sweep repetition rate is 
maintained automatic a iiy. 
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(Bl TRIGGERABLE AFTER DELAY TIME 



Fig. 2-14. Comparison of the delayed-sweep modes. (A) B STARTS 
display the B sweep is delayed a selected amouht of time by A sweep. 

NOTE 

Jitter can be introduced into the dispiay and in- 
correct dispiays produced through the wrong 
usage of the A SWEEP LENGTH controi. When 
using this controi first obtain the best possibie 
dispiay in the FULL position. Then, set the controi 
for the desired A sweep iength. If jitter is evident 
in the dispiay, readjust the Triggering controis or 
change the A 3A/EEP LENGTH controi to a position 
that does not cause jitter. 

Externai Horizontai Defiection 

In some applications, it is desirable to display one signal 
versus a nother(X-Y] ratherthan against time (internal sweep). 



AFTER DELAY TIME, [B) TRIGGERABLE AFTER DELAY TIME. In each 



The EXT HORIZ position of the HORIZ DISPLAY switch 
provides a means for applying an external signal to the 
horizontal amplifier for this type of display. 

Two modes of external horizontal operation are provided. 
When the TRIGGER switch is set to CH 1 ONLY, the B 
SOURCE switch to INTand the B COUPUNG switch to DC, 
the horizontal deflection is provided by a signal applied to 
the Channel 1 INPUT connector. The CH 1 VOLTS/DIV 
switch setting indicates the calibrated horizontal deflection 
factor (Channel 1 VARIABLE control in-operative). Center 
the horizontal POSITION control and use the Channel 1 
POSITION control for horizontal positioning. 

In the EXT and EXT 10 positions of the B SOURCE 
switch, external horizontal deflection is provided by a signal 
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applied to the EXT HORIZ input connector (B EXT TRIG 
INPUT). The signal coupling provided by the B COUPLING 
switch] can be used to select or reject components of the 
external horizontal signal (all components of external hori- 
zontal signal accepted (in DC position). Using this mode of 
operation, the horizontal deflection factor is uncalibrated. 
External horizontal deflection factor is about 270 millivolts 
division in the EXT position of the B SOURCE switch and 
about 2.7 voltSdivision in the EXT -h 10 position. 



A and B Gate 

The A and B Gate output connectors (on side panel) pro- 
vide a rectangular output pulse which iscoincident with the 
sweep time of the respective sweep generator. This rectangu- 
lar pulse is about -1-12 volts in amplitude (into high-imped- 
ance loads) with pulse duration the same as the respective 
sweep. 



Intensity Modulation 

Intensity (Z-axis) modulation can be used to relate a third 
item of electrical phenomena to the vertical (Y-axis) and the 
horizontal (X-axis) coordinates without changing the wave 
shape. The Z-axis modulating signal applied to the CRT 
circuit changes the intensity of the displayed waveform to 
provide this display. 'Gray scale" intensity modulation can 
be obtained by applying signals which do not completely 
blank the display. Large amplitude signals of the con^ct 
polarity will completely blank the display: the sharpest dis- 
play is provided by signals with a fast rise and fall. The 
voltage amplitude required for visible trace modulation 
depends upon tihe setting of the INTENSrY control. At 
nornial intensity level, a five-volt peak-to-peak signal pro- 
duces a visible change in brightness. When the Z AXIS 
INPUT is not in use, keep the ground strap in place to pre- 
vent changes in trace intensity due to extraneous noise. 

Time markers applied to the Z AXIS INPUT connector 
provide a direct time reference on the display. With uncali- 
brated horizontal sweep or externa I horizontal mode opera- 
tion, the time markers provide a means of reading time 
directly from the display. However, if the markers are not 
time-related to the displayed waveform, a single-sweep 
display should be used (for internal sweep only) to provide 
a stable display. 



C a I i b ra to r 

The one-kilohertz square-wave Calibrator of the Type 453 
providesa convenient signal source forchec king basic verti- 
cal gain and sweep timing. However, to provide maximum 
measurement acuracy, the adjustment procedure given in the 
Calibration section of this manual should be used. The 
Calibrator output signal is also very useful for adjusting 
probe compensation as described in the probe instruction 
manual. In addition, the calibrator can be used as a con- 
venient signal source for application to external equipment. 

Voltage. The Calibrator provides accurate peak-to-peak 
square wave voltages of 0.1 and 1 volt into a high imped- 
ance load. Voltage range is selected by the CAUBRATDR 
switch on the side panel. Output resistance is about 200 
ohms in the 1 V position and about 20 ohms in the 0.1 V 



position. The actual voltage across an external load resistor 
can be calculated in the same manner as with any series 
resistor combination (necessary only if the load resistance 
is less than about 50 kilohms). 

Cument. The cun^nt loop, located on the side panel, 
providesa five milliampere peak-to-peak square-wave cur- 
rent which can be used to check and calibrate current- 
measuring probe systems. This current signal is obtained by 
clipping the probe around the current loop. Current is 
constant through the loop in either position of the Cali- 
brator switch. The arrow above the PROBE LOOP indi- 
cates conventional cunent flow; i.e., from -I- to -. 

Frequency. The Calibrator circuit uses frequency-stable 
components to maintain accurate frequency and constant 
duty cycle. Thus the Calibrator can be used for checking 
the basic sweep timing of the horizontal system. 

Wave shape. The square-wave output signal of the Cali- 
bratorcan be used asa reference wave shape when check- 
ing oradjusting the compensation of passive, high-resistance 
probes. Since the square-wave output from the Calibrator 
has a flat top, any distortion in the displayed waveform is 
due to the probe compensation. 



BASIC APPLICATIONS 

Genera I 

The following information describes the procedure and 
technique for making basic measurements with a Type 453 
Oscilloscope. These applications are not described in detail 
since each application must be adapted to the requirements 
of the individual measurements. Familiarity with the Type 
453 will permit these basic techniques to be applied to a 
wide variety of uses 



Peak-to-Peak Voltage M e a s u re m e n ts- A C 

To make a peak-to-peak voltage measurement, use the 
following procedure: 

1. Connect the signal to either INPUT connector. 

2. Set the MODE switch to display the channel used. 

3. Set the VOLT5/DIV switch to display about five divi- 
sions of the wavefomi. 

4. Set the Input Coupling switch to AC. 

NOTE 

For low-frequency signals below about 16 hertz, 
use the DC position. 

5. Set the A Triggering controls to obtain a stable dis 
play. Set the TIME/DIV switch to a position that displays 
several cycles of the waveform. 

6. Turn the vertical POSmON control so the lower por- 
tion of the waveform coincides with one of the graticule 
lines below the center horizontal line, and the top of the 
waveform is an the viewing area. Move the display with 
the horizontal POSmON control so one of the upper peaks 
lies near the center vertical line (se dr Fig. 2-15 1. 
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7. Measure the divisions of veiticai deflection from peak 
to peak. Make sure the VARIABLE VOLWDiV controi is in 
the CAL position. 



NOTE 

This technique may aiso be used to make measure- 
ments between two points on the waveform rather 
than peak to peak. 

8. Muitipiy the distance measured in step 7 by the VOLW 
DIV switch setting. Aiso inciude the attenuation factor of 
the probe, if any. 



Exampie. Assume a peak-to-peak veiticai deflection of 
4.6 divisions (se el Fig. 2-lfl l using a lOX attenuator probe 
and a VOLT5(DIV switch setting of .5. 



Using the formuia: 



Vo its 

Peak to Peak 



verticai 
= deflection 
(divisions) 



VOLT^DiV 

setting 



probe 

X attenuation 
factor 



Substituting the given vaiues: 

Voits Peak to Peak = 4.6 X 0.5V X 10 



The peak-to-peak voitage is 23 voits. 




Fig. 2-15. Measuring peak-to-peak voltage of a waveform. 



Instantaneous Voltage M e a su re me nts- DC 

To measure the DC level at a given point on a waveform, 
use the foiiowing procedure: 

1. Connect the signai to either INPUT connector. 

2. Set the MODE switch to dispiay the channei used. 

3. Set the VOLT^DIV switch to dispiay about five divi- 
sions of the waveform. 

4. Set the Input Coupling switch to GND. 

5. Set the A SWEEP MODE switch to AUTO TRIG. 

6. Position the trace to the bottom iine of the graticuie 
orother reference iine. If the voltage is negative with respect 
to ground, position the trace to the top iine of the graticuie. 



Do not move the verticai POSmON controi after this refer- 
ence iine has been estabiished. 

NOTE 

To measure a voitage ievei with respect to a 
voitage rather than ground, make the foiiowing 
changes in step 6. Set the Input Coupling switch 
to DC and apply the reference voltage to the IN- 
PUT connector. Then position the trace to the ref- 
erence line. 

7. Set the Input Coupling switch to DC. The ground refer- 
ence line can be checked at any time by switching to the 
GND position (except when using a DC reference voltage). 

8. Set the A Triggering controls to obtain a stable display. 
Set the TIME/DIV switch to a setting that displays several 
cycles of the signal. 

9. Measure the distance in divisions between the reference 
line and the point on the waveform at which the DC level 
is to be measured. For example . I in Fio. 21 -16 the measure- 
ment is made between the reference line and point A. 

10. Establish the polarity of the signal. If the waveform 
is above the reference line, the voltage is positive; below 
the line, negative (when the INVERT switch is pushed in if 
using Channel 2). 

11. Multiply the distance measured in step 9 by the VOLT^ 
DIV switch setting. Include the attenuation factor of the 
probe, if any. 

Example. As sume tha t the vertical distance measured is 
4.6 divisions (s de Fig.'^ 16). the waveform is above the ref- 
erence line, using a lOX attenuator probe and a VOLT^ 
DIV setting of 2. 

Using the formula: 

Instantaneous 

Voltage 

vertical VOLTR/DIV 

distance X polarity X X attenuation 

(divisions] factor 

Substituting the given values: 

Instantaneous ^ ^ x -Fl X 2V X 10 
Voltage 

The instantaneous voltage is -(92 volts 



Voltage Comparison Measurements 

In some applications it may be necessary to establish a 
set of deflection factors other than those indicated by the 
VOLT^DIV switch. This is useful for comparing signals to 
a reference voltage amplitude. To establish a new set of 
deflection factors based upon a specific reference amplitude, 
proceed as follows: 

1. Apply the reference signal of known amplitude to either 
INPUT conector. Set the MODE switch to display the channel 
used. Using the VOLT5(DIV switch and the VARIABLE con- 
trol, adjust the display for an exact number of divisions. 
Do not move the VARIABLE VO LT^ DIV control after obtain- 
ing the desired deflection. 
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Fig. 2-16. Measuring instantaneous DC voitage with respect to a 
reference. 



2. Divide the ampiitude of the reference signai (voits) by 
the product of the defection in divisions (estabiished in 
step 1] and the VOLWDIV switch setting. This is the Deflec- 
tion Conversion Factor. 



Deflection 

Conversion 

Factor 



reference signai ampiitude (volts) 
deflection (divisions) X VOLTS/DIV setting 



3. To establish an Adjusted Deflection Factor at any set- 
ting of the VOLWDIV switch, multiply the VOLTS/DIV 
switch setting by the Deflection Conversion Factor established 
in step 2. 



Ad lusted 
Deflection 
Factor 



VOLTS/DIV 

setting 



Deflection 
X Conversion 
Factor 



Adjusted 

Deflection = lOV X 1.5 = 15 volts/ division 
Factor 



To determine the peak-to-peak amplitude of an applied 
signal which produces a vertical deflection of 5 divisions, 
use the Sgnal Amplitude formula (step 6): 



Sgnal 

Amplitude 



=15V X 5 



75 volts 



Time-Duration Measurements 

To measure time between two points on a waveform, use 
the following procedure. 

1. Connect the signal to either INPUT connector. 

2. Set the MODE switch to display the channel used. 

3. Set the VOLTS/DIV switch to display about five divi- 
sions of the waveform. 

4. Set the A Triggering controls to obtain a stable display. 

5. Set the TIME/DIV switch to the fastest sweep rate that 
displays less than eight divisions between the time measure- 
ment noints (se d Fio. 2-171) . (See the topic entitled Selecting 
Sweep Rate in this section concerning non-linearity of first 
and last divisions of display.) 

6. Adjust the vertical POSTIION control to move the points 
between which the time measurement is made to the center 
horizontal line. 

7. Adiust the horizontal POSmON control to center the 
display within the center eight divisions of the graticule. 

8. Measure the horizontal distance between the time 
measurement points. Be sure the A VARIABLE control is set 
to CAL 



ThisAdjusted Deflection Factorappliesonly to the channel 
used and is correct only if the VARIABLE VOLT^DIV con- 
trol is not moved from the position set in step 1. 



9. Multiply the distance measured in step 8 by the setting 
of the TIME/DIV switch. If sweep magnification is used, 
divide this answer by 10. 



4. To determine the peak to peak amplitude of a signal 
compared to a reference, disconnect the reference and apply 
the signal to the INPUT connector. 

5. Set the VOLTS/ DIV switch to a setting that will provide 
sufficient deflection to make the measurement. Do not re- 
adjust the VARIABLE VOLTS/DIV control 



6. Measure the vertical deflection in divisions and deter- 
mine the amplitude by the following formula: 



Signal 

Amplitude 



Adjusted 

Deflection 

Factor 



^ deflection 
(divisions) 



Example. Assume a reference signal amplitude of 30 
volts, a VOLTS/DIV setting of 5 and a deflection of 4 divi- 
sions Substituting these values in the Deflection Conversion 
Factorfomnula (step 2): 

Deflection V 

Conversion = - = 1.5 

Factor 4 X 5V 

Then, with a VOLT^ DIV switch setting of 10, the Adjusted 
Deflection Factor (step 3) is: 



Example. Assume that the distance between the time 
measurement points is 5 divisions (se d Fio. 2-lf ) and the 
TIME/DIV switch is set to .1 ms with the magnifier off. 



Using the formula: 



Time Duration 



horizontal 
distance X 
(divisions) 



TIME/DIV 

setting 



magnification 



Substituting the given values: 

5 X 0.1 ms 
Time Duration = . 



The time duration is 0.5 milliseconds. 



Frequency Measurements 

The time measurement technique can also be used to 
measure the frequency of a signal. The frequency of a peri- 
odic ally-recurrent signal is the reciprocal of the time dura- 
tion of one cycle. 
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Fig. 2-17. Measuring the time duration between points on a wave- 
fo rm. 



1. Measure the time duration of one cycie of the wave- 
form as described in the previous appiication. 



Vertical 




Divisions vertically 


display 


10% and 90% 


between 1 0 *4 & 


(divisions) 


points 


90% points 


4 


0.4 and 3.6 divisions 


3.2 


5 


0.5 and 3.5 divisions 


4.0 


6 


0.6 and 3.4 divisions 


4.8 



exampie, with a five-division dispiay as shown i rti Fig. 2-TO . 
the 10% point is 0.5 division up from the start of the rising 
portion. 

9. Meosure the horizontai distance between the 10% and 
90% points. Be sure the A VARIABLE controi is set to CAL 

10. Muitipiythe distance measured in step 8 by the setting 
of the TIME/DIV switch. If sweep magnification is used, 
divide this answer by 10. 

Exampie. Assume that the horizontai distance between 
the 10% and 90% points is four divisions (see l l-io. 2-lB ) 
and the TIME/DIV switch is set to 1 us with the MAG 
switch set to XIO. 



2. Take the reciprocai of the time duration to determine 
the frequency. 

Exampie. The frequency of the signai shown in i Fig. 2-T71 
which has a time duration of 0.5 miiiiseconds is: 

Frequency = ^ r — r ~ TvE — — 

time duration 0.5 ms 



Risetime Measurements 



Appiying the time duration formuia to risetime: 



Risetime 
(Time Duration) 



horizontal 
distance X 
(divisions) 



TIME/DIV 

setting 



magnification 



Substituting the given vaiues: 



Risetime 



4 X 1 /IS 
10 



Risetime measurements empioy basicaiiy the same tech- 
niques as time-duration measurements. The main difference 
is the points between which the measurement is mode. The 
foiiowing procedure gives the basic method of measuring 
risetime between the 10% and 90% points of the waveform. 
Faiitime can be measured in the same manneron the traiiing 
edge of the waveform. 

1. Connect the signai to either INPUT connector. 

2. Set the MODE switch to dispiay the channei used. 

3. Set the VOLT^DIV switch and the VARIABLE control 
to produce a display an exact number of divisions in ampli- 
tude. 

4. Center the display about the center horizontal line. 

5. Set the A Triggering controls to obtain a stable dis- 
play. 

6. Set the TIME/DIV switch to the fastest sweep rate that 
displays less than eight divisions between thel 10% and 90% 
points on the wavefomi. 

7. Detenriine the 10% and 90% points on the rising 
portion of the waveform. The figures given in Table 2-2 are 
for the points 10% up from the start of the rising portion 
and 10% down from the top of the rising portion (90% 
point). 

8. Adiust the horizontal POSITION control to move the 
10% point of the waveform to the first graticule line. For 



The risetime is 0.4 microsecond. 
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Fig. 2-18. Measuring risetime. 



Time- Differenc e Measurements 

The calibrated sweep rate and dual-trace features of the 
Type 453 allow measurement of time difference between 
two separate events To meosure time difference, use the 
following procedure. 
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1. Set the Input Coupling switches to the desired coupling 
positions. 

2. Set the MODE switches to either CHOP or ALT. In gen- 
eral, CHOP is more suitable for low-frequency signals and 
the ALT position is more suitable for high-frequency signals 
More information on detemiining the mode is given under 
Dual-Trace Operation in this section. 

3. Set the TRIGGER switch to CH 1 ONLY 

4. Connect the reference signal to Channel 1 INPtJT and 
the comparison signal to Channel 2 INPtJT. The reference 
signal should precede the comparison signal in time. Use 
coaxial cables or probes which have equal time delay to 
connect the signals to the INPUTconnectors 

5. If the signals are of opposite polarity, pull out the 
INVERT switch to invert the Channel 2 display (signal may 
be of opposite polarity due to 180° time difference: if so, 
take into account in final calculation). 

6. Set the VOLT5/DIV switches to produce four-or five- 
division displays. 

7. Set the A LEVEL control for a stable display 

8. If possible, set the TIME/DIV switch for a sweep rate 
which shows three ormore divisions between the two wave- 
forms 

9. Adlust the vertical POSITION controls to center each 
wavefomi (or the points on the display between which the 
measurement is made) in relation to the center horizontal 
line. 

10. Adjust the horizontal POSITION control so the Chan- 
nel 1 (reference) waveform crosses the center horizontal line 
at a vertical graticule line. 

11. Measure the horizontal difference between the Channel 
1 wavefarm and the Channel 2 waveform (se t hio. 2TB ). 

12. Multiply the measured difference by the setting of the 
TIME/DIV switch. If sweep magnification is used, divide 
this answer by 10. 



Example. Assume that the TIME/DIV switch is set to 50 
;*s, the MAG switch to XIO and the horizontal difference 
between waveforms is 4.5 divisions (se le Flo. ?Tb ). 

Using the fomiula: 



TIME/DIV 

setting 



Time Delay 



horizontal 

difference 

(divisions) 



magnification 



Substituting the given values 



Time Delay = 



50 /J.S X4.5 
1 0 



The time delay is 22.5 microseconds 



Delayed Sweep Time Measurements 

The delayed sweep mode can be used to make accurate 
time measurements The following measurement determines 
the time difference between two pulses displayed on the 
same trace. This application may also be used to measure 




Fig. 2-19. Measuring time difference between two pulses. 



time difference from two different sources (dual-trace) or to 
measure time duration of a single pulse. Se t Section 1 for 
measurement accuracy. 

1. Connect the signal to either INPUT connector. Set the 
MODE switch to display the channel used. 

2. Set the VOLTS^DIV switch to produce a display about 
four divisions in amplitude. 

3. Adjust the A Triggering controls for a stable display. 

4. If possible, set the A TIME/DIV switch to a sweep rate 
which displays about eight divisions between the pulses 

5. Set the HORIZ DISPLAY switch to A INTEN DURING B 
and the B SWEEP MODE switch to B STARTS AFTER DELAY 
TIME. 

6. Set the B TIME/DIV switch to a setting 1/100 of the 
A TIME/DIV sweep rate. This produces an intensified portion 
about 0.1 division in length. 

NOTE 

Do not change the A LEVEL control setting or 

the horizontal POSITION control setting in the 

following steps as the measurement accuracy will 

be affected. 

7. Turn the DELAY-TIME MULTIPLIER dial to move the 
intensified portion to the first pulse. 

8. Set the HORIZ DISPLAY switch to DELAYED SWEEP 
(B). 

9. Adlust the DELAY-TIME MULTIPUER dial to move the 
pulse (or the rising portion) to the center vertical line. Note 
the setting of the DELAY-TIME MULTIPUER dial. 

10. Turn the DELAY-TIME MULTIPUER dial clockwise until 
the second pulse is positioned to this same point (if several 
pulses are displayed, return to the A INTEN DURING B 
position to locate the correct pulse). Again note the dial 
setting. 

11. Subtract the first dial setting from the second and 
multiply by the delay time shown by the A TIME/DIV switch. 
This is the time interval between the pulses 
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Example. Assume the first dial setting is 1.31 and the 
second dial setting is 8.81 with the TIME/DIV switch set to 

0.2 microsecond (se h Flo. 2-2C 1. 

Using the fonmula: 

Time Difference _ 

(delayed sweep) 

delay time 

[second dial setting — first dial setting] X (A TIME/DIV 

setting) 

Substituting the given values: 

Time Difference = [8.81 - 1.31] X 0.2/is 
The time difference is 1.5 microseconds 




Fig. 2-20. Measuring time difference using delayed sweep. 



Delayed Sweep Magnification 

The delayed sweep feature of the Type 453 can be used 
to provide higher apparent magnification than is provided 
by the MAG switch. The sweep rate of the DELAYED SWEEP 
(B sweep) is not actually increased; the apparent magnifica- 
tion is the result of delaying the B sweep an amount of time 
selected by the A TIME/DIV switch and the DELAY-TIME 
M ULTIPUER d ia I before the display is presented at the sweep 
rate selected by the B TIME/DIV switch. The following 
methods uses the B STARTS AFTER DELAY TIME position to 
allow the delayed portion to be positioned with the DELAY- 
TIME MULTIPLIER dial. If there is too much jitter in the delay- 



ed display, use the Triggered Delayed Sweep Magnification 
procedure. 

1. Connect the signal to either INPUT connector. Set the 
MODE switch to display the channel used. 

2. Set the VOLTSfDIV switch to produce a display about 
4 divisions in amplitude. 

3. Adjust the A Triggering controls for a stable display. 

4. Set the A TIME/DIV switch to a sweep rate which dis- 
plays the complete waveform. 

5. Set the HORIZ DISPLAY switch ta A INTEN DURING B 
and the B SWEEP MODE switch to B STARTS AFTER DELAY 
TIME. 

6. Position the start of the intensified portion with the 
DELAY-TIME M ULTIPUER dial to the part of the display ta 
be magnified. 

7. Set the B TIME/DIV switch to a setting which intensifies 
the full portion to be magnified. The start of the intensified 
trace will remain as positioned above. 

8. Set the HORIZ DISPLAY switch to DELAYED SWEEP 
(Bj. 

9. Time measurements can be made from the display in 
the conventional manner. Sweep rate is determined by the 
setting of the B TIME/DIV switch. 

10. The apparent sweep magnification can be calculated 
by dividing the A TIME/DIV switch setting by the B TIME/DIV 
switch setting. 

Example: The apparent magnification of the display 
shown in IFig. 2-2l1 with an A TIME/DIV switch setting of .1 
ms and a B TIME/DIV switch setting of l/is 

Apparent Magnification _ A TIME/DIV setting 
(delayed sweep) B TIME/DIV setting 

Substituting the given values: 

Apparent _ 1 X 1 0~* _ 

Magnification 1 X 10'® 

The apparent magnification is 100 times. 

Triggered Delayed Sweep Magnification. The delayed 
sweep magnification method just described may produce too 
much jitter at high apparent magnification ranges. The 
TRIGGERABLE AFTER DELAY TIME position of the B SWEEP 
MODE switch providesa more stable display since the delay- 
ed display is triggered at the same point each time. 

1. Set up the display as given in steps 1 through 7 
described above. 

2. Set the B SWEEP MODE switch to TRIGGERABLE 
AFTER DELAY TIME. 

3. Adiust the B LEVEL control so the intensified portion 
on the trace is stable. (If an intensified portion cannot be 
obtained, see step 4.) 

4. Inability to intensify the desired portion indicates that 
the B Triggering controls are inconectly set or the signal 
does not meet the triggering requirements If the condition 
cannot be remedied with the B Triggering controls or by 
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Pulse to be 
magnified 




H-H 



(B) Delayed sweep display. 




Fig. 2-21. Using delayed sweep for sweep magnification. 



2. Set the VOLWDIV switch to produce a display about 
four divisions in omplitude 

3. Adjust the A Triggering controls for a stable display. 

4. Set the A TIME/DIV switch to a sweep rate which dis- 
plays the complete waveform. 

5. Set the HORIZ DISPLAY switch to A INTEN DURING B 
and the B SWEEP MODE switch to B STARTS AFTER DELAY 
TIME. 

6. Position the start of the intensified portion with the 
DELAY-TIME MULTIPUER dial to the part of the display to be 
magnified. 

7. Set the B TIME/DIV switch to a setting which intensifies 
the full portion to be magnified. The start of the intensified 
trace will remain aspositioned above. 

8. Set the HORIZ DISPLAY switch to DELAYED SWEEP 
(B). 

9. Time measurements can be made from the display in the 
conventional manner. Sweep rate is determined by the set- 
ting of the B TIME/DIV switch. 

Exampl e|. Fio. 2-$ shows a complex waveform as dis- 
played on the CRT. The circled portion of the wavefomi can- 
not be viewed in any greater detail because the sweep is 
triggered by the larger amplitude pulses at the start of the 
display and a fastersweep rate movesthisarea of the wave- 
forni off the viewing area. The second waveform shows the 
area of interest magnified 10 times using Delayed Sweep. 
The DELAY-TIME MULTIPLIER dial has been adjusted so the 
delayed sweep starts just before the area of interest. 



increasing the display amplitude (lower VOLT^DIV setting), 
externally trigger B sweep. 

5. When the correct portion is intensified, set the HORIZ 
DISPLAY switch to DELAYED SWEEP (B). Slight readjustment 
of the B LEVEL control may be necessary for a stable dis- 
play. 

6. Measurement and magnification are as described above. 

Displaying Complex Signals Using Delayed 
Sweep 

Complex signals often consist of a number of individual 
events of differing amplitudes. Snce the trigger circuits 
are sensitive to changes in signal amplitude, a stable display 
can normally be obtained only when the sweep is triggered 
by the event(s) having the greatest amplitude. However, this 
may not produce the desired display of a lower amplitude 
event which follows the triggering event. The delayed sweep 
feature provides a means of delaying the start of the B 
sweep by a selected amount following the event which trig- 
gers the A Sweep Generator. Then, the part of the wave- 
form which contains the information of interest can be dis- 
played. 

Use the following procedure: 

1. Connect the signal to either INPUT connector. Set the 
MODE switch to display the channel used. 



Pulse Jitter Measurements 

In some applicationsit isnecessary to measure the amount 
of jitter on the leading edge of a pulse, or jitter between 
pulses 

Use the following procedure: 

1. Connect the signal to either INPUT connector. Set the 
MODE switch to display the channel used. 

2. Set the VOLTS^DIV switch to display about four divi- 
sions of the waveform. 

3. Set the A TIME/DIV switch to a sweep rate which dis- 
plays the complete waveform. 

4. Set the A Triggering controls to obtain as stable a dis- 
play as possible, 

5. Set the HORIZ DISPLAY switch to A INTEN DURING 
B and the B SWEEP MODE switch to B STARTS AFTER DELAY 
TIME. 

6. Position the start of the intensified portion with the 
DELAY-TIME MULTIPUER dial so the pulse to be measured 
is intensified. 

7. Set the B TIME/DIV switch to a setting which intensifies 
the full portion of the pulse that shows jitter. 

8. Set the B SWEEP MODE switch to TRIGGERABLE AFTER 
DELAY TIME. 
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(Al This portion of display cannot be viewed ade- 
quately because A sweep is triggered on larger 
amplitude signals at start of display. 




(B) Area of interest displayed by delaying B sweep 
IB STARTS AFTER DELAY TIME model. 



Fig. 2-22. Displaying a complex signal using deiayed sweep. 



9. Adiust the B LEVEL control so the intensified portion is 
as stable as possible. 

10. Set the HORIZ DISPLAY switch to DELAYED SWEEP 
(B). Slight readjustment of the B LEVELcontrol may be necess- 
ary to produce as stable a display as possible. 

11. Pulse jitter is shown by horizontal movement of the 
pulse (take into account inherent jitter of Delayed Sweep). 
Measure the amount of horizontal movement. Be sure both 
VARIABLE controls are set to CAL 

12. Multiply the distance measured in step 11 by the 
B TIME/DIV switch setting to obtain pulse litter in time. 



Example. Assume that the horizontal movement is 0.5 
divisions (se dr Fig. 2-2B i. and the B TIME/DIV switch setting 
is .5 /iS. 

Using the formula: 



Pulse Jitter = 



horizontal 
jitter X 
(divisions) 



B TIME/DIV 
setting 



Substituting the given value: 

Pulse jitter = 0.5 X 0.5 /is 



The pulse litter is 0.25 microseconds. 




Fig. 2-23. Measuring pulse jitter. 



Delayed Trigger Generator 

The B GATE output signal can be used to trigger an exter- 
nal device at a selected delay time after the start of A 
Sweep. The delay time of the B GATE output signal can be 
selected by the setting of the DELAY-TIME MULTIPLIER dial 
and A TIME/DIV switch. 

A Sweep Triggered Internally. When A sweep is trig- 
gered internally to produce a nornial display, the delayed 
trigger may be obtained asfollows. 

1. Obtain a triggered display in the nornial manner. 

2. Set the HORIZ DISPLAY switch to A INTEN DURING 
B. 



3. Select the amount of delay from the start of A Sweep 
with the DELAY-TIME MULTIPLIER dial. Delay time can be 
calculated in the normol manner. 

4. Set the B SWEEP MODE switch to B STARTS AFTER 
DELAY TIME. 

5. Connect the B GATE signal to the external equipment. 

6. The duration of the B GATE signal is detemiined by the 
setting of the B TIME/DIV switch. 

7. The external equipment will be triggered at the start 
of the intensified portion if it responds to positive-going 
triggers, or at the end of the intensified portion if it res- 
ponds to negative-going triggers. 

A Sweep Triggered Externally. This mode of operation 
can be used to produce a delayed trigger with orwithouta 
corresponding display. Connect the external, trigger signal 
to the A EXT TRIG INPUT connector and set the A SOURCE 
switch to EXT. Follow the operation given above to obtain 
the delayed trigger. 



Normal Trigger Generator 

Ordinarily, the signal to be displayed also provides the 
trigger signal for the oscilloscope. In some instances, it 
may be desirable to reverse this situation and have the 
oscilloscope trigger the signal source. This can be done 
by connecting the A GATE signal to the input of the signal 
source. Set the A LEVEL control fully clockwise, A SWEEP 
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MODE switch to AUTO TRIG and adjust the A HME/DIV 
switch forthe desired dispiay. Snce the signai source is trig- 
gered by a signai that has a fixed time reiationship to the 
sweep, the output of the signai source can be dispiayed on 
the CRT as though the Type 453 were triggered in the nor- 
ma i manner (this method does not aiiow seiection of trigger 
ievei or coupiing). 



Muiti-Trace Phase Difference Measurements 

Phase comparison between two signaisof the same fre- 
quency can be made using the duai-trace feature of the 
Type 453. This method of phase difference measurement can 
be used up to the frequency iimit of the verticai system. To 
make the comparison, use the foiiowing procedure. 

1. Set the Input Coupling switches to the same position, 
depending on the type of coupling desired. 

2. Set the MODE switch to either CHOP or ALT. In gen- 
eral, CHOP is more suitable for low-frequency signals and 
the ALT position is more suitable for high-frequency signals 
More information on determining the mode is given under 
Dual-Trace Operation in this section. 

3. Set the TRIGGER switch to CH 1 ONLY. 

4. Connect the reference signal to the Channel 1 INPtJT 
connectorand the comparison signal to the Channel 2 INPtJT 
connector. The reference signal should precede the com- 
parison signal in time. Use coaxial cables or probes which 
have equal time delay to connect the signals to the INPUT 
connectors 

5. If the signals are of opposite polarity, pull the INVERT 
switch out to invert the Channel 2 display. (Signals may be 
of opposite polarity due to 180° phase difference: if so, take 
this into account in the final calculation.) 

6. Set the CH 1 and CH 2 VOLT5(DIV switches and the 
VARIABLE VOLTS^DIV controls so the displays are equal 
and about five divisions in amplitude. 

7. Set the triggering controls to obtain a stable display. 

8. Set the TIME/DIV switch to a sweep rate which dis- 
plays about one cycle of the waveform. 

9. Move the waveforms to the center of the graticule with 
the vertical POSmON controls 

10. Turn the A VARIABLE control until one cycle of the 
reference signal (Channel 1) occupies exactly eight divisions 
horizontally (see iFio. 2-24)1 Each division of the graticule 
represents 45° of the cycle [360° -h 8 divisions = 45°/ 
division). The sweep rate con be stated in terms of degrees 
as 45° /division. 

11. Measure the horizontal difference between correspond- 
ing points on the waveforms 

12. Multiply the measured distance (in divisions) by 45°/ 
division (sweep rate) to obtain the exact amount of phase 
difference. 

Example. Assume a horizontal difference of 0.6 divisions 
with a sweep rate of 45°/division as shown ir i Flo. 2-2^ 

Using the formula: 



Phase Difference = 



horizontal 
difference X 
(divisions) 



sweep rate 
(degrees/div) 



Substituting the given values 



Phase Difference = 0.6 X 45° 



The phase difference is 27°. 



High Resolution Phase Measurements 

More accurate dual-trace phase measurements can be 
made by increasing the sweep rate (without changing the A 
VARIABLE control setting). One of the easiest ways to increase 
the sweep rate is with the MAG switch. Delayed sweep mag- 
nification may also be used. The magnified sweep rate is 
determined by dividing the sweep rate obtained previously 
bythe amountof sweep magnification. 




Fig. 2-24. Measuring phase difference. 



Example. If the sweep rate were increased 10 times with 
the magnifier, the magnified sweep rate would be 45° /divi- 
sion 10 = 4.5° /division. mz 2-25 j hows the same signals 
as used in i Fio. 2-24 b ut with the MAG switch set to XIO. 
With a horizontal difference of six divisions, the phase dif- 
ference is: 



horizontal magnified 

Phase Difference = difference X sweep rate 
(divisions) (degree^div) 

Substituting the given values: 

Phase Difference = 6 X 4.5°. 

The phase difference is 27°. 



X-Y Phase Measurements 

The X-Y phase measurement method can be used to meas- 
ure the phase difference between the two signaisof the same 
frequency. This method provides an alternate method of 
measurement for signal frequencies up to about 100 kilo- 
hertz. However, above this frequency the inherent phase 
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Chonnel 1 

(refer»nc*) Channel 2 




Fig. 2-25. High resolution phase-difference measurement with in- 
creased sweep rate. 

difference between the vertical and horizontal systems makes 
accurate phase measurement difficult. In this mode, one of 
the sine-wave signals provides horizontal deflection (X) 
while the other signal provides the vertical deflection (Y). 
The phase angle between the two signalscan be detemiined 
from the lissajous pattern as follows 

1. Connect one of the sine-wave signals to both the Chan- 
nel 1 INPUT and the Channel 2 INPUT connectors. (Note: 
steps 1 through 5 measure inherent phase difference between 
the X and Y amplifiers to provide a more accurate X-Y 
phase measurement: not necessary below about 1 kHz). 

2. Set the HORIZ DISPLAY switch to EXT HORIZ Set the 
TRIGGER switch to CH 1 ONLY and the B SOURCE switch 
to INT. 



































































1 

1 










1 

1 










1 

1 

i 










1 

i 

1 










1 

1 










1 

1 






U A >H 

B n 



Fig. 2-26. Phase -difference measurement from an X-Y display. 



3. Position the display to the center of the screen and 
adjust the VOLT^DIV switches to produce a display less 
than 6 divisions vertically (Y) and less than 10 divisians hori- 
zontally (X). The CH 1 VOLT^DIV switch controls the hori- 
zontal deflection (X) and the CH 2 VOLT^DIV switch con- 
trols the vertical deflection (Y). 

4. Center the display in relation to the vertical graticule 
line. Measure the distances A and B as shown in i Fig. 2-2~^ 
Distance A is the horizontal measurement between the two 
points where the trace crosses the center horizontal line. 
Distance Bis the maximum horizontal width of the display. 

5. Divide A by B to obtain the sine of the phase angle 
(<^) I between the two signals The angle can then be obtained 
from a trigonometric table. This is the inherent phase shift 
of the instrument. 

6. Connect the Y signal to Channel 2 INPUT connector. 
Repeat steps 2 through 5 to measure phase angle. If the dis- 




Fig. 2-27. Phase of lissajous display. (A) 0° or 360°, (B) 30° or 330°, (C) 90° or 270°, (D) 150° or 210° and (E) 180°. 
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play appearsasa diaganal straight line, the two signalsare 
either in phase (tilted upper right to lower left) or 180° out 
of phase (tilted upper left to lower right). If the display is 
a circle, the signals are 90° out of ohas t. Flo. 2-21 shows 
the lissajo us displays produced between 0°and 360°. Notice 
that above 180° phase shift, the resultant display is the same 
as at some lower angle. 

7. Substract the inherent phase shift from the phase angle 
(j>to obtain the actual phase difference. 

Example. Assume an inherent phase difference of 2° with 
a display as shown in i hio. 2-26 W here A is 5 divisions and 
B is 10 divisions. 

Using the formula: 

A - A 

Sine >p — n 
□ 

Substituting the given values: 

5 

Sine <ji = — = 0.5 

From the trigonometric tables: 

0 = 30° 

To adjust for the phase difference between Xand Y ampli- 
fiers, subract the inherent phase shift. 

Actual inherent 

Phase = 4> — phase 
Angle shift 

Substituting the given value: 

Actual 

Phase == 30° -2° = 28° 

Angle 



Common-Mode Rejection 

The ADD feature of the Type 453 can be used to display 
signals which contain undesirable components. These un- 
desirable components can be eliminated through common- 
mode rejection. The precautions given under Algebraic 
Addition should be observed. 

1. Connect the signal containing both the desired and 
undesired information to the Channel 1 INPUT connector. 

2. Connect a signal similar to the unwanted portion of 
the Channel 1 signal to the Channel 2 INPUT connector. For 
example, in I Fig. 2-28 l a line-frequency signal is connected 
to Channel 2 to cancel out the line-frequency component of 
the Channel 1 signal. 

3. Set both Input Coupling switches to DC (AC if DC 
component of input signal is too large). 

4. Set the MODE switch to ALT. Set the VOLTS/DIV 
switches so the signals are about equal in amplitude. 

5. Set the TRIGGER switch to NORM 

6. Set the MODE switch to ADD. Pull the INVERT switch 
so the common-mode signalsare of opposite polarity. 

7. Adjust the CH 2 VOLT^DIV switch and VARIA8LE con- 
trol for maximum cancellation of the common-mode signal. 

8. The signal which remains should be only the desired 
portion of the Channel 1 signal. The undesired signal is 
cancelled out. 

Example. An example of this mode of operation is shown 
in i Fig. 2 - 2 ^ . The signal applied to Channel 1 contains un- 
wanted line-frequency compon ents (Fig. I 2-28A). A corres- 
ponding line-frequency signal is connected to Channel 2 
KFiq. 2-2§B ). Hiq. 2-28C~l shows the desired portion of the 
signal as displayed when common-mode rejection is used. 
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(A) Channel 1 signal. 




(Bl Channel 2 signal. 
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Resultant display. 





Fig. 2-28. Using the ADD feature for common-mode rejection. (A) Channei 1 signal contains desired information along with iine-freq ue nc y 
component, (B) Channei 2 signai contains iine-frequency oniy, [C) CRT dispiay using common-mode rejection. 
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SECTION 3 

CIRCUIT DESCRIPTION 



Introduction 

This section of the manuai contains a description of the 
circuitry used in the Type 453 Osciiioscope. The description 
begins with a discussion of the instrument using the basic 
biock diagram shown in I Fio . 3H Then each circuit is 
described in detaii using a detaiied biock diagram to show 
the interconnections between the stages in each major circuit 
and the reiationship of the front-panei controisto the indi- 
viduai stages. 

A compiete biock diagram is iocated in the Diagrams 
section at the rear of this manuai. This biock diagram shows 
the overaii reiationship between aii of the circuits Com- 
piete schematics of each circuit are aiso given in the Dia- 
grams section. Refer to these diagrams throughout the 
foiiowing circuit description foreiectricai vaiuesand reiation- 
ship. 



BLOCK DIAGRAM 

G e ne ra I 

The following discussion isprovided to aid in understanding 
the overall concept of the Type 453 before the individual 
circuits are discussed in detail. A basic block diagram of 
the Type 453 is show h in Fib . 3-1. Only the basic inter- 
connections between the individual blocks are shown on 
this diagram. Each block represents a major circuit within 
this instrument. The number on each block refers to the 
complete circuit diagram which is located at the rear of 
his manual. 

Signals to be displayed on the CRT are applied to either 
the Channel 1 INPUT and/or the Channel 2 INPUT con- 
nectors. The input signals are then amplified by the Channel 
1 Vertical Preamp and/or the Channel 2 Vertical Preamp 
circuits The VOLTSfDIV switch in each Vertical Preamp 
circuit provides attenuation, or switches gain, to provide 
the indicated deflection factor. Each Vertical Preamp circuit 
also includesseparate position, input coupling, gain, variable 
attenuation and balance controls. A trigger-pic koff stage in 
the Channel 1 Vertical preamp circuit supplies a sample of 
the Channel 1 signal to the Trigger Preamp circuit or the 
CH 1 OUT connector. The output of both Vertical Preamp 
circuits is connected to the Vertical Switching circuit. This 
circuit selects the channel(s) to be displayed. An output 
signal from this circuit is connected to the Z Axis Amplifier 
circuit to blankoutthe between-c ha nnel switching transients 
when in the chopped mode af operation. A trigger-pickoff 
stage at the output of the Vertical Switching circuit provides 
a sample of the displayed signal(s) to the Trigger Preamp 
circuit. 

The output of the Vertical Switching circuit is connected 
to the Vertical Output Amplifier through the Delay-Une 



Driver stage and the Delay Une. The Vertical Output Ampli- 
fier circuit provides the final amplification for the signal 
before it is connected to the vertical deflection plates of 
the CRT. This circuit includes the TRACE FINDER switch which 
compresses the vertical and horizontal deflection within 
the viewing area to aid in locating an off-secreen display. 

The Trigger Preamp circuit provides amplification for the 
internal trigger signal selected by the TRIGGER switch. 
This internal trigger signal is selected from either the Channel 
1 Vertical Preamp circuit or the Vertical Switching circuit. 
Output from this circuit is connected to the A Trigger Gen- 
erator circuit and the B Trigger Generator circuit. 

The A and B Trigger Generator circuits produce an output 
pulse which initiates the sweep signal produced by the A 
or B Sweep Generator circuits. The input signal to the A 
and BTriggerGeneratorcircuitscan be individually selected 
from the internal trigger signal from the Trigger Preamp 
circuit, an external signal applied to the EXT TRIG INPUT 
connector, ora sample of the line voltage applied to the 
instrument. Each trigger circuit contains level, slope, coupling 
and source controls. 

The A Sweep Generator circuit produces a linear saw- 
tooth output signal when initiated by the A Trigger Gen- 
erator circuit. The slope of the sawtooth produced by the 
A Sweep Generator circuit is controlled by the A TIME/DIV 
switch. The operating mode of the A Sweep Generator cir- 
cuit is controlled by the A SWEEP MODE switch. In the 
AUTO TRIG position, the absence of an adequate trigger 
signal causes the sweep to free run. In the NORM TRIG 
position, a horizontal sweep is presented only when correctly 
triggered by an adequate trigger signal. The SINGLE 
SWEEP position allows one (and only one) sweep to be 
initiated after the circuit is reset with the RESET button. 

The B Sweep Generator circuit is basically the same as 
the A Sweep Generator circuit. However, this circuit only 
producesa sawtooth output signal after a delay time deter- 
mined by the A TIME/DIV switch and the DELAY-TIME 
MULTIPLIER dial. If the B SWEEP MODE switch is set to 
the B STARTS AFTER DELAY TIME position, the B Sweep 
Generator begins to produce the sweep immediately fol- 
lowing the selected delay time. If this switch is in the TRIG- 
GERABLE AFTER DELAY TIME position, the B Sweep Gen- 
erator circuit does not produce a sweep until it receives a 
trigger pulse from the B Trigger Generator circuit after the 
selected delay time. 

The output of either the A or B Sweep Generator circuit 
is amplified by the Horizontal Amplifier circuit to produce 
horizontal deflection for the CRT in all positions of the 
HORIZ DISPLAY switch except EXT HORIZ This circuit con- 
tains a 10 times magnifier to increase the sweep rate ten 
times in any A or B TIME/DIV switch position. Other hori- 
zontal deflection signalscan be connected to the Horizontal 
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Fig. 3-1. Basic block diagram of the Type 453. 
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Amplifier by using the EXT-HORIZ mode of operation. When 
the B SOURCE switch is set to INT, the X signal is connected 
to the Horizontal Amplifier circuit through the CH 1 Vertical 
Preamp circuit, the Trigger Preamp circuit and the B Trigger 
Generator circuit (HORIZ DISPLAY switch set to EXT HORIZ 
B SOURCE switch set to INT and the TRIGGER switch set to 
CH 1 ONLY). In the EXT or EXT -h 10 position of the B 
SOURCE switch, the X signal is obtained from a signal con- 
nected to the B EXT TRIG INPUT or EXT HORIZ connector. 

The Z Axis Amplifier circuit detemiines the CRT intensity 
and blanking. The Z Axis Amplifier circuit sums the cunent 
inputs from the INTENSrfY control. Vertical Switching circuit 
(chopped blanking), A and B Sweep Generator circuits 
(unblinking) and the external Z AXIS INPUT binding post. 
The output level of the Z Axis Amplifier circuit controls the 
trace intensity through the CRT Circuit. The CRT Circuit 
providesthe voltagesand contains the controls necessary for 
he operation of the cathode-ray tube. 

The Power Supply circuit providesthe low-voltage power 
necessary for operation of this instrument. This voltage is 
distributed to all of the circuits in the instrument as shown 
by the Power Distribution diagram. The Calibrator circuit 
produces a square-wave output with accurate amplitude 
and frequency which can be used to check the calibration 
of the instrument and the compensation of probes. The 
PROBE LOOP provides an accurate cunent source for cali- 
bration of cun^nt-measuring probe systems. 



CIRCUIT OPERATION 

G e ne ra I 

The following circuit analysis is written around the detailed 
blockdiagramswhich are given foreach majorcircuit. These 
detailed block diagrams give the names of the individual 
stages within the major circuits and show how they are 
connected together. The block diagrams also show the 
inputs and outputs for each majorcircuit and the relation- 
ship of the front-panel controls to the individual stages. The 
circuit diagrams from which the detailed block diagrams 
are derived are shown in the Diagrams section of this man- 
ual. The names assigned to the individual stages on the 
detailed block diagrams are used throughout the following 
discussion. 

This section describesthe electrical operation and relation- 
ship of the circuits in the Type 453. The theory of operation 
for circuits which are used only in this instmment are 
described in detail in this discussion. Circuits which are 
commonly used in the electronics industry are not described 
in detail. Instead, references are given to textbooks or other 
source material which describe the complete operation of 
these circuits 



CHANNEL 1 VERTICAL PREAMP 
G e ne ra I 

Input signals for vertical deflection on the CRT can be 
connected to the channel 1 INPUT connector. In the EXT 
HORIZ mode of operation, this input signal provides the 
horizontal (X-axisj deflection [HORIZ DISPLAY switch set to 



EXT HORIZ B SOURCE switch set to INT and TRIGGER 
switch set to CH 1 ONLY). The Channel 1 Vertical Preamp 
circuit provides control of input coupling, vertical deflection 
factor, balance, vertical position and vertical gain. It also 
containsa stage to provide a sample of the Channel 1 input 
signal to the Trigger Preamp circuit to provide internal trig- 
gering from the Channel 1 signal only. Flo. 3-2 th ows a 
detailed block diagram of the Channel 1 Vertical Preamp 
circuit. A schematic of this circuit is shown on diagram 1 at 
the rear of this manual. 



Input Coupling 

Input signals applied to the Channel 1 INPUT connector 
can be AC-coupled, DC -coupled or internally disconnected. 
When the Input Coupling switch, SWl, is in the DC position, 
the input signal is coupled directly to the Input Attenuator 
stage. In the AC pasition, the input signal passes through 
capacitor C 1. This capacitor prevents the DC component of 
the signal from passing to the amplifier. The GND position 
opens the signal path and the input to the amplifier is con- 
nected to ground. This provides a ground reference without 
the need to disconnect the applied signal from the INPUT 
connector. ResistorRZ, connected across the Input Coupling 
switch, allows Cl to be precharged in the GND position so 
the trace remains on screen when switched to the AC posi- 
tion with a high DC level applied. 



Input Attenuator 

The effective overall Channel 1 deflection factor of the 
Type 453 is determined by the CH 1 VOLT^DIV switch. 
In all positions of the CHI VOLT^DIV switch above 20 mV, 
the basic deflection factor of the Vertical Deflection System 
is 20 millivolts per division of CRT deflection. To increase 
this basic deflection factor to the values indicated on the 
front panel, precision attenuators are switched into the circuit. 
In the 5 and 10 mV positions, input attenuation is not used. 
Instead, the gain of the Feedback Amplifier is changed to 
decrease the deflection factor (see Feedback Amplifier 
discussion). 

For the CH 1 VOLT^DIV switch positions above 20 mV, 
the attenuators are switched into the circuit singly or in pairs 
to produce the vertical deflection factor indicated on the 
front panel. These attenuators are frequency-compensated 
voltage dividers. For DC and low-frequency signals, they 
are primarily resistance dividersand the voltage attenuation 
is determined by the resistance ratio in the circuit. The 
reactance of the capacitors in the circuit is so high at low 
frequencies that their effect is negligible. However, at, 
higher frequencies, the reactance of the capacitors decreases 
and the attenuator becomes primarily a capacitance voltage 
divider. 

In addition to providing constant attenuation at all fre- 
quencies within the bandwidth of the instrument, the Input 
Attenuators are designed to maintain the same input RC 
characteristics (one megohm X 20 pF) for each setting of 
the CH 1 VOLT^DIV switch. Each attenuator contains an 
adjustable series capacitor to provide con^ct attenuation 
at high-frequencies and an adjustable shunt capacitor to 
provide correct input capacitance. 
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Input Stage 

The Channel 1 signal from the Input Attenuator is con- 
nected to the Input Stage through the network C17-C18- 
C20-R16-R17-R18-R19-R20-R21. R16, R17 and R20 provide 
the input resistance for this stage. These resistors are part 
of the attenuation network at all CH 1 VOLT^DIV switch 
positions. Variable capacitor C17 adjusts the basic input 
time constant for a nominal value of one megohm X 20pF. 
The divider action of R16-R17-R20 allows about 98% of DC 
and low-frequency signals to pass to the gate of FET (field- 
effect transistor) Q23A. C18 with the stray capacitance in 
the circuit fonris an AC divider which maintains this same 
voltage division for high-frequency signals. R18 limits the 
current drive to the gate of Q23A. Diode D18 protects the 
circuit by clamping the gate of Q23A at about -12.5 volts 
if a high-amplitude negative signal isapplied to the Channel 
1 INPUT connector. Over-voltage protection for high-ampli- 
tude positive signals is provided by forward conduction of 
Q23A. The cunent path is through R23, L23, D36 ond D37. 

FET Q23B is a constant cunent source for Q23A and also 
provides temperature compensation for Q23A. The STEP 
ATTEN BAL adjustment, FGO, varies the gate level of Q23B 
to provide a zero-volt level at the emitter of Q34 with no 
signal applied. With a zero-volt level at the emitter of Q34, 
the trace position will not change when switching between 
the 5, lOand 20 mV positions of the CFI 1VOLT5/DIV switch. 

DC and low-frequency signals are connected from the 
source of Q23A to the Feedback Amplifier through FT23, 
L23, 033 ond R39. 

L23 isolates the base of Q33 from the source of FET Q23A, 
Diodes D34-D35 and D36-D37 limit the dynamic range of 
the signal at the base of Q33 and prevent the following 
stages from being damaged by a large voltage swing at 
the source of Q23A. The signal path for high-frequency 
signals is through C23, Q43and C39. Fligh-frequency signals 
at the emitter of Q43 are connected to the base of 033 
through C38. This allows 033 to be driven at high fre- 
quencies while preventing the base circuitry of 033 from 
capacitively loading the input FET, 023A. C38 is selected 
to provide the same amplitude AC and DC signal at the 
hose of 033. C24 couples high-frequency infomiation to 
the junction of Ft25-Ft26, thereby reducing the loading at the 
base of 043. 

Feedback Amplifier 

The Feedback Amplifier, 034 and 054, changes the over- 
all gain of the Channel 1 Vertical Preamp to provide the cor- 
rect deflection factorin the 5 and 10 mV positions of the CFI 
1 VOLTS/DIV switch. Gain of this stage is determined by the 
ratio of R46-R50 to R43, R44 or R45. In the 5 mV position of 
the CH 1 VOLT^DIV switch, the network C43A-C43B-C43C- 
C43D-C43E-L43A-R43A-R43C-R43E is connected into the emit- 
ter circuit of 034. The ratio between R46-R50 and R43 pro- 
vides a gain of obout 10. C43A, C43C, L43A and R43C are 
adjustable to provide high-frequency peaking for the net- 
work. In the 10 mV position, conditions are the same ex- 
cept that the network C44A-C44B-C44C-L44A-R44A-R44B- 
R44C is connected into the circuit in place of the previous net- 
work. The ratio between R46-R50 and R44 providesa gain of 
about 5 times in thisCH IVOLT^DIV switch position. C44A, 
C44C and R44C provide high frequency peaking for this 
network. In the 20 mV and higher CH 1 VOLTS/DIV switch 



positions, the gain of the Feedback Amplifier is about 2.5 
as established by the ratio between R46-R50 and R45. Ad- 
justable capacitor C45A provides high-frequency peaking 
for the Feedback Amplifier stage. C49 and R49 provide 
high-frequency damping for the circuit. As mentioned pre- 
viousiy, the STEP ATTEN BAL adjustment is set to provide 
zero volts at the emitter of Q34 when the input is at zero 
volts. Since there is no voltage difference across the emit- 
ter resistors, R43, R44 or R45, changing the value of the 
resistance does not change the current in the circuit. There- 
fore, the trace position does not change when switching be- 
tween the 5 mV, 10 mV and 20 mV positions of the CHI 
VOLTS/DIV switch if the STEP ATTEN BAL control is cor- 
rectly adjusted. 

Vertical position of the trcce is determined by the setting 
of the POSfTTON control, R40. This control changes the cur- 
rent into the emitter of 034, a low-impedance point, which 
results in negligible voltage change at this point. How- 
ever, the change in current from the POSTTTON control pro- 
duces a resultant DC voltage at the output of the Feedback 
Amplifier stoge to change the vertical position of the trace. 
The CH 1 Position Center adjustment, R55, is adjusted to 
provide a centered display when the Channel 1 POSITION 
control is centered (with a zero-volt DC input level). 

^ner diode D53 provides a low-impedance source for 
054. Variable capacitor C54 provides feedback from the 
collector to the base of 054 for amplifier stabtllzation.The 
output signal from the Feedback Amplifier stage is con- 
nected to the Paraphrase Amplifier stage and the Channel 1 
Trigger Pickoff stage. 

Channel 1 Trigger Pickoff 

The signal at the collectorof 054 in the Feedback Ampli- 
fier stage is connected to the Channel 1 Trigger Pickoff 
stage through D58 and R59. This sample of the Channel 1 
input signal provides internal triggering from the Channel 1 
signal or X-axis deflection for EXT HORIZ operation. 063 
isconneced as an emitter follower to provide isolation be- 
tween the Trigger Preamp circuit and the Feedback Ampli- 
fier stage. It also provides a minimum load forthe Feed- 
back Amplifier stoge and a low output impedance to the 
Trigger Preamp circuit. D58 provides thermal compensation 
for 063. The CH 1 Trigger DC Level adjustment, R60, ad- 
justs the DC level at the base of 063 for a zero-volt DC 
output level from the Trigger Preamp circuit when the Chan- 
nel 1 trace iscentered vertically. Output from the Channel 1 
Trigger Pickoff stage is connected to the Trigger Preamp cir- 
cuit through the TRIGGER switch, 3A/230B. 

Paraphase Amplifier 

The output signal from the Feedback Amplifier stage is 
connected to the Paraphase Amplifier stage through the VAR- 
IABLE control, R75. When the VARIABLE control is set to the 
CAL position (fully clockwise), R75 is effectively by-passed 
and maximum signal current reaches the base of 084. 
Switch SW75, ganged with the VARIA8LE control, is open 
and the UNCALneon bulb isdisconnected. As the VARIABLE 
control is rotated counterclockwise from the CAL detent, 
SW75 is closed and the UNCAL light, B75, ignites to in- 
dicate that the vertical deflection is uncalibrated. The sig- 
nal applied to the base of 084 is continuousiy reduced as the 
VARIABLE control is rotated counterclockwise. 
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Q84 and 0 94 are connected as a common-emitter phase 
inverter (paraphase ampiifier)i to convert the singie-ended 
input signai to a push-puii output signai. Gain of this stage 
is determined by the emitter degeneration. As the resistance 
between the emitters of Q84 and Q94 increases, emitterde- 
generation increases aiso to resuit in iess gain through the 
stage. The GAIN, adjustment, R90, varies the resistance be- 
tween the emitters to controi the overaii gain of the Channei 
1 Verticai Preamp. 

CHANNEL 2 VERTICAL PREAMP 

General 

The Channel 2 Vertical Preamp circuit is basically the same 
as the Channel 1 Vertical Preamp circuit. Only the dif- 
ferences between the two circuits are described here. Por- 
tions of this circuit not described in the following description 
operate in the same manner as for the Channel 1 Vertical 
Preamp circuit [corresponding circuit numbers assigned in the 
100-199 range]. Fig. 3-3 i hows a detailed block diagram 
of the Channel 2 Vertical Preamp circuit. A schematic of 
this circuit is shown in diagram 3 at the rear of this manual. 

Feedback Amplifier 

Basically, the Channel 2 Feedback Amplifier operates as 
described for Channel 1. However, the Channel 2 Vertical 

'Lloyd P. Hunter (ed.), "Handbook of Semiconductor Electronics", 
second edition, McGraw-Hill, New York, pp. 11-94. 



Preamp circuit does not have a trigger pic koff stage. To pro- 
vide a load at the collector of Q154 similar to the loc 
the Channel 1 Trigger Pic koff stage provides at the collect 
of 054, C159 and R159 are connected into the circuit. 

Paraphase Amplifier 

The basic Channel 2 Paraphase Amplifier configuratic 
and operation is the same as for Channel 1. However, the 
INVERT switch, 3A/195, has been added in the Channel 2 
circuit. This switch allows the displayed signal from Chan- 
nel 2 to be inverted. 

VERTICAL SWITCHING 

General 

The Vertical Switching circuit determines if the CH 1 and/ 
or the CH 2 Vertical Preamp output signal is connected to 
the Vertical Output Amplifier circuit (through the Delay Line 
Driver and Delay Line stages). In the ALT and CHOP posi- 
tions of the MODE switch, both channels are alternately dis- 
played on a shared-time ha sis I Fig. 3-4 Is hows a detailed 
block diagram of the Vertical Switching circuit. A schematic 
of this circuit is shown on diagram 5 at the rearof this man- 
ual. 

Diode Gates 

The Diode Gates consisting of four diodes each, can be 
thought of as switches which allow either of the Vertical 
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Preamp output signals to be coupled to the Vertical Output 
Amplifier. D201 through D204 control the Channel 1 output 
and D206 through D209 control the Channel 2 output. These 
diodes are in turn controlled by the Switching Multivibrator 
for dual-trace displays, or by the MODE switch for single- 
trace displays 

CH 1. In the CH 1 position of the MODE switch, -12 
volts is applied to the junction of D207-D208 in the Chan- 
nel 2 Diode Gate through R227 (see simplified diagram in 
I Fig . S-.5I 1. This forward biases D207-D208 and reverse biases 
D206-D209 since the input to the Delay-Line Driver stage is 
at about -5.8 volts. D206-D209 block the Channel 2 signal 
so it cannot pass to the Delay-Line Driver stage. At the 
same time, in the Channel 1 Diode Gate, D202-D203 are can- 
nected to ground through R212. D202-D203 are held reverse 
biased while D201-D204 are forward biased. Therefore, the 
Channel 1 signal posses to the Delay-Line Driver stage. 

CH 2. In the CH 2 position of the MODE switch, the above 
conditions are reversed. D202-D203 are connected to -12 
volts through R217 and D207-D208are connected to ground 
through R222. The Channel 1 Diode Gate blocks the signal 
and the Channel 2 Diode Gate allows it to pass. 

Switching Multivibrator 

ALT. In this mode of operation, the Switching Multivibra- 
tor operates as a bistable multivibrator.Mn the ALT posi- 
tion of the MODE switch, -12 volts is applied to the emitter 
of the Alternate Trace Switching Amplifier stage, Q234 by 
the MODE switch. 0234 is forward biased to supply cunont 
to the "on" Switching-Multivibratar transistor through R235, 
D235 and R218 or R228. For example if 0225 is conducting, 
current is supplied to 0225 through R228. The cunent flow 
through collector resistors R212 and R222 drops the D207- 
D208 cathode level negative so the Channel 2 Diode Gate is 
blocked as for Channel 1 only operation. The signal passes 
through the Channel 1 Diode Gate to the Delay-Line Driver 
stage. 

The alternate trace sync pulse is applied to Q234 through 
D231 at the end of each sweep. This negative-going ^nc 
pulse momentarily interrupts the cunent through 0234 and 
both 0215 and 0225 are turned off. When 0234 turns on 
again after the alternate-trace sync pulse, the charge on 
C218 determines whether Q215 or Q225 conducts For ex- 
ample, when Q225 was conducting, C218 was charged nega- 
tively on the D228 side to the emitter level of Q225 and 
positively on the D218 side. This charge is stored while Q234 
is off and when current flow through Q234 resumes, this 
stored charge holdsthe anode of D228 more negative than 
the anode of D218. D218 is forward biased and the emitter 
of 0215 is pulled more negative than the emitter of 0225 
ta switch the multivibrator. The conditions described pre- 
viously are reversed; now the Channel 1 Diode Gate is 
reverse biased and the Channel 2 signal passes through the 
Channel 2 Diode Gate. 

The Reference Feedback stage, 0253, provides common- 
mode voltage feedbackfrom the Delay-Line Driver stage to 
allow the diode gates to be switched with a minimum ampli- 
tude switching signal. The emitter level of 0253 is con- 
netted to the junction of the Switching Multivibratorcollector 

'Jacob Millman and Herbert Taub, "Pulse, Digital and Switching 
Waveforms" McGraw-Hill, New York, 1965, pp. 362-389. 



resistors, R211-R212 and R221-R222 through D213 or D223. 
The collector level of the "on" Switching Multivibrator trans- 
istor is negative and either D213 or D223 is forward biased. 
This clamps the cathode level of the forward-biased shunt 
diodes in the applicable Diode Gate about 0.5 volts more 
negative than the emitter level of Q253. The shunt diodes 
are clamped near their switching level and therefore they 
can be switched very fast with a minimum amplitude switch- 
ing signal. The level at the emitter of Q253 follows the 
average voltage level at the emitters of the Delay-Line 
Driver stage. This maintains about the same voltage dif- 
ference across the Diode Gate shunt diodes so they can be 
switched with a minimum amplitude switching signal regard- 
less of the deflection signal at the anodes of the shunt diodes 

CHOP. In the CHOP position of the MODE switch, the 
Switching Multivibra tar free runs as an astable multivibrator^ 
at about a 500-kHz rate. The emitters of 0215 and Q225 
are connected to -12 volts through F1218 and F1228. At the 
time of tum-on, one of the transistors begins to conduct; for 
example, 0225. 0225 conducts the Channel 2 current and 
prevents the Channel 2 signal from reaching the Delay-Line 
Driver stage. Meanwhile, the Channel 1 Diode Gate passes 
the Channel 1 signal to the Delay-Line Driver. 

The frequency-determining components in the CHOP mode 
are C218-F1218-F1228. Switching action occurs as follows: 
When 0225 is on, C218 attempts to charge to -12 volts 
through R218. The emitter of 0215 slowly goes toward -12 
volts as C218 charges. The base af Q215 is held at a nega- 
tive point determined by voltage divider R215-R224 between 
-12 volts and the collector of Q225. When the emitter volt- 
age of 0215 reaches a level slightly more negative than its 
base, 0215 conducts The collector level of 0215 goes 
negative and pulls the base of 0225 negative also, through 
divider F1214-F1225, to cut 0225 off. When 0215 turns on, 
its emitter is pulled positive along with C218. This action 
switches the Diode Gate stage to connect the opposite half 
to the Delay-Line Driverstage. Again C218 begins to charge 
towards -12 volts but this time through R228. The emitter 
of 0225 slowly goes negative as C218 charges, until 0225 
turns on. 0215 shuts off and the cycle begins again. 

Diodes D218 and D228 have no effect in the CHOP mode. 
0253 operates the same in CHOP as in ALT, to allow the 
Diode Gates to be switched with a minimum signal level. 

The Chopped Blanking Amplifier stage, 0244, provides 
an output pulse to the Z Axis Amplifier which blanks out 
the transition between the Channel 1 trace and the Channel 
2 trace. When the Switching Multivibrator changes states, 
the current through T241 momentarily changes A negative 
pulse is applied to the base of 0244, to turn it off. The width 
of the pulse at the base of 0244 is detemiined by F1241 and 
C241. 0244 clips the signal applied to its base, and the 
positive-going output pulse, which is coincident with trace 
switching, is applied to the Z Axis Amplifier circuit through 
R245. 

ADD. In the ADD position of the MODE switch, the Diode 
Gate stage allows both signals to pass to the Delay-Line 
Driver stage. The Diode Gates are both held on by -12 
volts applied to their cathodes through F1260and F1270. Since 
both signals are applied to the Delay-Line Driverstage, the 
output signal is the algebraic sum of the signals on both 
Channel 1 and 2. 

‘Ibid., pp. 438-451. 
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Fig. 3-5. Effect of Diode Gates on signal path (simpiified Verticai Switching diagram). Conditions shown for CH 1 position of MODE 
switch. 



Delay-Line Driver 

Output of the Diode Gate stage is applied to the Delay- 
Line Driver stage, Q284 and Q294. Q284 and Q294 are 
connected asoperational amplifiers with feedback provided 
by R268-R269 and R278-R279 and the delay-line compensation 
network. The delay-line compensation network, C261-C262- 
C263-C264-C265-C266-R261-R262-R264-R265, provides high- 
frequency compensation for the Delay Line. R289-C289 in 
the collector circuit of Q284-0294 improve the high-fre- 
quency reverse termination of the Delay Line. Output of 
the Delay-Line Driverstage isconnected to the Vertical Out- 
put Amplifier through the Delay Line. 



Normal Trigger Pickoff Network 

The trigger signal for NORM trigger operation is obtained 
from the collector of 0284. The Normal Trigger DC Level 
adjustment, R285, sets the DC level of the normal trigger 
output signal so the sweep is triggered at the zero-level of 
the displayed signal when the Triggering LEVEL control is set 
to 0. The nonrial trigger signal is connected to the Trigger 
Preamp through SW230B. R294 and R295 provide the same 
DC load for 0294 as provided to 0284 by the Normal Trig- 
ger Pickoff Network. 



VERTICAL OUTPUT AMPLIFIER 

Genera I 

The Vertical Output Amplifier circuit provides the final 
amplification for the vertical deflection signal. This circuit 
includes the Delay Line and the TRACE FINDER switch. The 
TRACE FINDER switch compresses an overscanned display 
within the viewing area when pressed in. IFIo. 3-'^~ls hnws a 
detailed block diagram of the Vertical Output Amplifier cir- 
cuit. A schematic of this circuit is shown on diagram 6 at 
the rear of this manual. 



Delay Line 

The Delay Une provides approximately 140 nanoseconds 
delay for the vertical signal to allow the Sweep Generator 
circuits time to initiate a sweep before the vertical signal 
reaches the vertical deflection plates. This allows the instru- 
ment to display the leading edge of the signal originating 
the trigger pulse when using internal triggering. 

Phase Equalizer Network 

The Phase Equalizer Network is comprised of L301-L302- 
L311-C301-C302-C311-C312. This network compensates for 
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Fig. 3-6. Vertical Output Amplifier detailed block diagram. 



the phase distortion of the Deiay Line. C303-FG03 and C313- 
R313 in series with the base-emitter resistance of Q304 and 
0314 provide the forward termination for the Deiay Line. 

Output Ampiifier 

0304 and 0314 are connected as common-base ampii- 
fiersto provide a iow input impedance to properly terminate 
the Deiay Line (aiong with the Phase Equaiizer Network). It 
aiso provides isoiation between the Deiay Line and the foi- 
iowing stages. 

The output of 0304 and 0314 is connected to the bases 
of 0324 and 0334. The network C 326-C 327-C 328-C 336- 
R328 provides high-frequency peaking to compensate for the 
capacitive ioading of the defiection piates on the output 
stage. C328, C336 and FG28 are adjustabie to provide opti- 
mum response. The TRACE FINDER switch, SW330, reduces 
the quiescent cunent of 0324 and 0334, when pressed, to 
compress an off-screen dispiay within the graticuie area. 
Normaiiy, the coiiector current for 0324 and 0334 is sup- 
piied through R321, R322 and the paraiiei combination of 
R323 and FG33. When SW330 is pressed, -12-voits is con- 
nected to the coiiector circuit of 0324 and 0334 through 
R332. This iimits the dynamic range of 0324 and 0334 to 
compress the dispiay verticaiiy within the graticuie area. 
Aithough the dispiay is noniinear, it provides a method of 
iocating a signai that is off screen verticaiiy due to incor- 
rect positioning ordefiection factor. 

0344 and 0354 ampiify the output of 0324 and 0334. 
The signai at the coiiectors of 0344 and 0354 is appiied 
to the output transistors, 0364 and 0374, through FG44, 
R354 and T357. D344 and D354 prevent saturation of 0344 
and 0354 (to improve the recovery of the Verticai Output 
Ampiifier circuit) when iarge signa is deflect the dispiay off 
screen. T357 provides high-frequency baiance for the Out- 
put Ampiifier stage. 0364 and 0374 provide the output sig- 
nai voitage to drive the CRT verticai defiection piates LR367 
and LR377 provide damping for the ieads connecting the 
output signai to the defiection piates. 

TRIGGER PREAMP 

G e n e ra I 

The Trigger Preamp circuit ampiifies the intemai trigger 
signai to the ievei necessary to drive the A and B Trigger 



Generator circuits. Input signal for the Trigger Preamp cir- 
cuit is either a sample of the signal applied to Channel 1 or 
a sample of the composite vertical signal from the Vertical 
Switching circult. lTia. 3-7 b hows a detailed block diagram of 
the Trigger Preamp circuit. A schematic of this circuit is 
shown in diagram 7 at the rear of this manual. 



Input Circuitry 

The intemai trigger signal from the Vertical Deflection 
System is connected to the Trigger Preamp through the 
TRIGGER switch, SW230B. When the TRIGGER switch is 
in the NORM position, the trigger signal is a sample 
of the composite vertical signal in the Vertical Switching 
circuit. This signal is obtained from the collector of Q284 and 
is a sample of the displayed channel (or channels for dual- 
trace operation). Since the signal source follows the dual- 
trace switching stage, the NORM trigger signal also includes 
the chopped switching transients when operating in the 
CHOP mode. When the TRIGGER switch is in the NORM 
position, the CH 1 lights, B400 and B401, are disconnected. 
Also, the sample of the Channel 1 signal isconnected to the 
CH 1 OUT connector. This output signal can be used to 
monitorChannel 1 orit can be used to cascade with Chan- 
nel 2 to provide a one millivolVdivision minimum deflection 
factor (with reduced bandwidth). 

In the CH 1 ONLY position of the TRIGGER switch, the 
intemai trigger signal is obtained from the emitter of 063 
in the CH 1 Vertical Preamp circuit. Now, the intemai trig- 
gersignal isa sample of only the signal applied to the Chan- 
nel 1 INPUT connector. The CH 1 lights are turned on to 
indicate that the TRIGGER switch is in the CH 1 ONLY 
position and the CHI OUT connector is disconnected from 
the circuit. 

R402, R403 and R404 terminate the coaxial cables from 
the trigger pickoff stages to provide a constant load for 
these stages. In the NORM position of the TRIGGER switch, 
the NORM trigger signal (from the Vertical Switching circuit) 
is terminated atthe input to the amplrfierby R404. The CH 1 
ONLY triggersignal (from the CHI Vertical Preamp circuit) is 
terminated at the CHI OUT connector by R402. In the CH 
1 ONLY position, the CH 1 ONLY trigger signal is termi- 
nated at the input to the amplifier by R404 and the NORM 
trigger signal is terminated by R403. 
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Amplifier Circuitry 

The internal trigger signal selected by the TRIGGER switch 
is connected to the base of Q404. Transistor Q404 converts 
the trigger voltage signal at its base to a cun^nt drive for 
the remainder of the Trigger Preamp. D408 in the emitter 
circuit of 0404 provides thermal compensation for the 
amplifier. 

The signal currentatthe collectorof Q404 isconnected to 
the base of 0414, 0413, 0414 and 0423 are connected as 
a current driven, voltage output operational amplifier. The 
amplified signal at the collector of 0414 isconnected directly 
to the base of 0413, and to the base of 0423 through zener 
diode D421 This zener diode provides a DC voltage drop 
while the signal isconnected to the base of 0423 with mini- 
mum attenuation. 0413 and 0423 are connected asemitter 
followers in the complementary symmetry amplifier^con- 
figuration. This configuration overcomes the basic limitation 
of emitter followers; inability to provide equal response to 

•Lloyd P. Hunter, pp. 11-57 — 11-62. 



both positive- and negative-going portions of a signal. This 
is remedied in this configuration by using an NPN transistor 
for one emitter follower, Q413, and a PNP transistor for the 
other emitter follower, Q423. Snce Q413 is an NPN transis- 
tor, it responds best to positive-going signals and Q423, 
being a PNP transistor responds best to negative-going sig- 
nals The result is a circuit which has equally fast response 
to both positive- and negative-going trigger signals while 
maintaining a low output impedance. Feedback from the 
output of the Trigger Preamp circuit is connected to the base 
of 0414 through R419. This feedback provides more linear 
operation. Total overall gain of the Trigger Preamp is 
about 10. The amplified internal trigger signal isconnected 
to the A and B SOURCE switches through R427 and R429. 

A TRIGGER GENERATOR 

General 

The A Trigger Generator circuit produces trigger pulses 
to start the A Sweep Generator circuit. These trigger pulses 






3-10 





TM 11-6625-1722-15 




are derived either from the internal trigger signal from the 
Vertical Deflection System, an external signal connected to 
the EXTTRIG INPUT connector, ora sample of the line volt- 
age applied to the instrument. Controls are provided in 
this circuit to select trigger level, slope, coupling and source. 
Eil 3-81 shows a detailed block diagram of the A Trigger 
Generator circuit. A schematic of this circuit is shown on 
diagram 8 at the rear of this manual. 



Trigger Source 

The A SOURCE switch, SW430, selects the source of the 
A trigger signal. Three trigger sources are ovailable; internal, 
line and external. A fourth position of the A SOURCE switch 
provides 10 times attenuation for the external trigger signal. 

The internal trigger signal is abtained from the Vertical 
Deflection System through the Trigger Preamp circuit. This 
signal is a sample of the signal(s) applied to the Channel 1 
and/or Channel 2 INPUTconnectors. Further selection of the 
internal trigger source is provided by the TRIGGER switch to 
provide the internal trigger signal from both channels or 
from Channel 1 only (see Trigger Preamp discussion for 
details). 

The line trigger is obtained from voltage divider R1104- 
R1105 in the Power Supply circuit. This sample of the line 
frequency, about 1.5 volts RMS, is coupled to the A Trigger 
Generator in, the UNE position of the A SOURCE switch. The 



A COUPLING switch should not be in the LF REJ position 
when using this trigger source. 

External trigger signals applied to the A EXTTRIG INPUT 
connector can be used to produce a trigger in the EXT and 
EXT 10 positions of the A SOURCE switch. Input resistance 
(DC) is about one megohm in both external positions. Flow- 
ever, in the LF REJ position of the A COUPUNG switch, the 
medium and high-frequency resistance drops to about 90 
kilohms due to the addition of C436-R436 in the circuit. In 
the EXT 10 position, a 10 times frequency compensated 
attenuator is connected into the input circuit. This attenuator 
reduces the input signal amplitude 10 times to provide more 
A LEVEL control range while maintaining the one-megohm 
X 20 pF input RC characteristics 

Trigger Coupling 

The A COUPUNG switch offers a means of accepting or 
reiecting certain frequency components of the trigger signal. 
In the AC and LF REJ positions, the DC component of the 
trigger signal is blocked by coupling capacitors C435 or 
C436. In the AC position, frequency components below 
about 30 hertz are attenuated. In the LF REJ position, fre- 
quency components below about 30 kilohertz are attenuated. 

The HF REJ position attenuates high-frequency components 
of the triggering signal. The trigger signal is AC coupled to 
the input, attenuating signals below about 30 hertz and 
above about 50 kilohertz. The DC position provides equal 
coupling for all signals from DC to 50 megahertz. 
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Input Stage 

The trigger signal from the A COUPLING switch is con- 
nected to the Input Stage through the network C440-R438- 
R439-R440-R441. R438-R439 provide the input resistance for 
this stage. The voltage -divider action of R438-R439 allows 
about 98% of DC or low frequency signals applied to R438 
to be available at the junction of R438 and R439. C440 
along with the stray capacitance in the circuit formsan AC 
divider which maintains about this same voltage division 
for high-frequency signals. R440 limits the current drive to 
the gate of FET Q443. Diode D441 protects the circuit by 
clamping the gate of Q443 at about -12.5 volts if a high- 
amplitude negative signal is applied to the EXTTRIG INPUT 
connector. Over-voltage protection for high-amplitude posi- 
tive signals is provided by the forward conduction of FET 
Q443. 

0443 isconnected asa source followerto provide a high 
input impedance and a low output impedance. As a result, 
this stage provides isolation between the A Trigger Gen- 
eratorcircuit and the triggersignal source. The output signal 
from 0443 is connected to the Slope Comparator stage 
through emitter follower 0453. Diodes D449 and D459 pro- 
vide protection for the Slope Comparator stage transistors, 
0454 and 0464. 



Slope Comparator 

0454 and 0464 are connected asa difference amplifier 
(comparator) "to provide selection of the slope and level at 
which the sweep is triggered. The reference voltage for the 
comparator is provided by the A LEVEL control, R460, and 
the A Trigger Level Center adjustment, R462. The A Trigger 
Level Center adjustment sets the level at the base of 0464 
so the display is triggered at the zero-volt DC level of the 
incoming triggersignal when the A LEVELcontrol iscentered. 
The A LEVEL control varies the base level of 0464 to select 
the point on the triggersignal where triggering occurs 

R458 establishes the emitter current of 0454 and 0464. 
The transistor with the most positive base controls conduc- 
tion ofthe comparator. Forexample, assume thatthe trigger 
signal from the Input Stage is positive going and 0454 is 
forward biased. The increased current flow through R458 
produces a larger voltage drop and the emitters of both 
0454 and 0464 go more positive. A more positive voltage at 
the emitter of 0464 reverse biases this transistor, since its 
base is held at the voltage set by the A LEVEL control, and 
its collector current decreases At the same time, 0454 is for- 
ward biased and its collector cunent increases Notice that 
the signal cunents at the collectors of 0454 and 0464 are 
oppos~te in phase. The sweep can be triggered from either 
the negative-going or positive-going slope ofthe input trig- 
ger signal by producing the trigger pulse from either the 
signal at the collector of 0464 for - slope operation or 
the signal at the collector of 0454 for + slope operation. 
This selection is made by the SLOPE switch, SW455. 

When the A LEVEL control is set to 0 (midrange], the base 
of 0464 is at about one volt positive which corresponds to 
a zero-volt level at the input to this circuit (with correct cali- 
bration]. The base-emitter drop af 0464 sets the common 
emitter level of 0454-0464 to about -HD.3 volts. Since the 



^Phillip Cutler, "Samlconductor Circuit Anetyili", McGraw-Hill, New 
York, pp. 365-372. 



base of 0454 must be about 0.65 volts more positive than 
the emitter before it can conduct, the comparatorswitches 
around the zero-volt level of the trigger signal (zero-volt 
level an the trigger signal conesponds to about one volt 
positive at this point). As the A LEVEL control is turned 
clockwise toward +, the voltage at the base of 0464 
becomes more positive. This increases the current flow 
through R458 to produce a more positive voltage on the 
emitters of both 0454 and 0464. Now the trigger signal 
must rise more positive before 0454 is biased on. The result- 
ant CRT display starts at a more positive point on the dis- 
played signal. When the A LEVEL control is in the - region, 
the effect is the opposite to produce a resultant CRT display 
which starts at a more negative point on the triggersignal. 

The slope of the input signal which triggers the A sweep 
is determined by the A SLOPE switch, SW455. When the A 
SLOPE switch is set to the - position, the collector of 0454 
is connected to the -Fl2-volt supply through D456 and 
R467. The anode of D466 is grounded and it is reverse 
biased. Now the collectorcurrent af 0464 must flow through 
D465, R459, the parallel combination D475 and R468-R469- 
L469 and R467 to the + 12-volt supply (see l Flo. 3-9 L Snce 
the output pulse from the A Trigger Generator circuit is 
derived from the negative-going portion af the signal applied 
to the TriggerTD stage, the sweep is triggered on the nega- 
tive-going portion ofthe input trigger signal (signal applied 
to TriggerTD stage is in phase with the input signal for - 
slope triggering). When the A SLOPE switch is set to +, con- 
ditionsare reversed (se t Fig. 3- IQ ). 0464 isconnected to the 
-Fl2-volt supply through D466 and R467. The anode of 
D456 is grounded to divert the collector current of 0454 
through the Trigger TD stage. The signal applied to the 
Trigger TD stage is now 180° out of phase with the input 
triggersignal so the sweep is triggered on the positive-going 
portion ofthe input signal. 



Trigger TD 

The TriggerTD stage shapes the output of the Slope Com- 
paratorto provide a triggerpulse with a fast leading edge. 
Tunnel diode D475'is quiescently biased so it operates in 
its low-voltage state. The current from one of the transistors 
in the Slope Comparator stage is diverted through the Trig- 
gerTD stage by the A SLOPE switch. Asthiscurrent increases 
due to a change in the trigger signal, tunnel diode D475 
switches to its high-voltage state. L469 opposes the sudden 
change in cunent which allows more current to passthrough 
D475 and switch it more quickly. As the current flow stabi- 
lizes, L469 again conducts the major part of the current. 
Flowever, the current through D475 remains high enough to 
hold it in its high-voltage state. The circuit remains in this 
condition until the current from the Slope Comparatorstage 
decreases due to a change in the trigger signal applied to 
the input. Then, the current through D475 decreases and it 
reverts to its low-voltage state. 



Pulse Amplifier 

The triggersignal from the TriggerTD stage isconnected 
to the base of the Pulse Amplifier, 0473, through R472. The 
trigger pulse at this point is basically a negative-going pulse 
with a fast rise. The width of the pulse depends upon the 

‘Millman and Taub, pp. 452-455. 
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Fig. 3 - 9 . Trigger path for negalive-slopa triggering (simplified A Trigger Generator diagram) . 



waveshape of the input signai and the setting of the A 
LEVEL controi. Q473 is connected as an ampiifier with the 
primary of puise transformer T474 providing the major coi- 
iector ioad. The negative-going puise at the base of Q473 
drives it into heavy conduction and the resuiting current 
increase of Q473 fiows through T474, R474, Q473, C473 and 
C467. Due to the short time constant of the RC network in- 
voiving C473, the current of Q473 quickiy returns to the ievei 
determined by R473. The resuitant signai at the coiiectorof 
0473 is a positive-going fast-rise puise with the width deter- 
mined by the time constants of the RC network in the cir- 
cuit. T474 inverts the output puise to produce a negative- 
going trigger puise which is coincident with the rise of the 
output signai from the Trigger ID stage. This negative-going 
trigger puise is connected to the A Sweep Generator cir- 
cuit through C476-R476. D474 iimits the coiiector of Q473 
from going more positive than about -K).5 voits. A simui- 
aneous negative-going puise with the same width as the 
trigger puise is avaiiabie at the emitter of Q473. This puise 
is connected to the Auto Puise Ampiifier stage. 



Auto Puise Ampiifier 

The negative-going trigger puise from the emitter of Q473 
is connected to the base of Q484 through R481. This stage 
is simiiar to the Puise Ampiifier stage. Inductor L484 pro- 
vides the coiiector ioad for this stage. The positive-going 
portion of the trigger puise is coupied to the Auto Muiti- 
vibra tor stage through D484. D483 ciamps the coiiectorof 
0484 at about -0.5 voits to eiiminate negative transients. 



Auto M uitivibrator 

The basic configuration of the Auto Muitivibrator stage is 
a monostobie muitivibrator' made up of Q485 and Q495. 
This stage produces the controi gate for the auto trigger 
circuits iocated in the A Sweep Generator circuit. Linder 
quiescent conditions (no trigger signai), the base of Q495 is 



’ibid., pp. 405-438. 
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Fig. 3-10. Trigger path for positive-slope triggering (simplified A Trigger Generator diagram) 



near zero volts. The base of Q485 is held at about -0.65 
volts by the forward voltage drop of D484. Since the base of 
Q495 is the most positive, it conducts and raises the emitter 
level of Q485 positive enough to hold it off. C485 charges 
to about H-13 volts where it is clamped by D486 and D493. 
The base of Q494 is clamped at about H-12.6 volts by 
D493 which reverse biases it. Since there is no current flow 
through Q494, its collector level goes negative. 

When a trigger signal is present, the positive-going pulses 
from the Auto Pulse Amplifier stage turn Q485 on through 
D484. The collector of Q485 goes negative and C485 dis- 
charges rapidly through 0485, R490 and R485. As C485 dis- 
charges, the current flow through R490 biases Q495 off. 
When C485 is fully discharged, the current flow through 
R490 ceases and Q495 comes back on to reset the multi- 
vibrator. Now C485 begins to charge towards -F75 volts 
through R486. Current also flows through R494 and the base 
of 0494 goes negative to bias it on. The collector level of 
0494 rises positive to produce the auto gate output for the 
A Sweep Generator circuit. 



For low-frequency signals (below about 30 hertz), C485 
recharges to about -F13 volts in about 85 milliseconds. Then 
0494 is biased off to end the auto gate (display free runs 
or is unstable). Flowever, if a repetitive trigger signal turns 
0485 on again before C485 has charged to -F13 volts, C485 
is discharged completely again and once more starts to 
charge towards -F75 volts Since the base of 0494 remains 
negative enough with a repetitive trigger signal to hold it 
in conduction, the auto output level iscontinuousfora stable 
display (with correct A LEVEL control setting). 



A SWEEP GENERATOR 

Genera I 

The A Sweep Generator circuit produces a sawtooth volt- 
age which is amplified by the Florizontal Amplifier circuit 
to provide horizontal sweep deflection on the CRT. This 
output signal is generated on command (trigger pulse) from 
the A Sweep Generator circuit. The A Sweep Generator cir- 
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cuit also produces on unblanking gate to unblank the CRT 
during A sweep time. In add ition-this circuit produces several 
control signals for other circuits within this instrument and 
several output signals to the side-panel cnnnectnrs i Fig. .3-111 
shows a detailed block diagram of the A Sweep Generotor 
circuit. A schematic of this circuit is shown on diagram 9 at 
the rea r of this ma nua I. 

The A SWEEP MODE switch allows three modes of opera- 
tion. In the NORM TRIG position, a sweep is produced only 
when a trigger pulse is received from the A Trigger Genera- 
tor circuit. Operation in the AUTO TRIG position is much 
the same as NORM TRIG except that a free-running trace 
is displayed when a trigger pulse is not present. In the SIN- 
GLE SWEEP position, operation is also similar to NORM 
TRIG except that the sweep is not recurrent. The following 
circuit description is given with the A SWEEP MODE switch 
set to NORM TRIG. Differences in operation for the other 
two modes a re then discussed later. 

Normal Trigger Mode Operation 

Sweep Gate. The negative-going trigger pulse generated 
by the A Trigger Generator circuit is applied to the Sweep 



Gate stage through D501. Tunnel diode D505 is quiescently 
biased on in its low-voltage state. When the negative-going 
trigger pulse is applied to its cathode, the current through 
D505 increases and it rapidly switches to its high-voltage 
state where it remains until reset by the Sweep Reset Multi- 
vibrator stage at the end of the sweep. The negative-going 
level at the cathode of D505 is connected to the base of 
0504 through C503 and R503. 0504 is turned on and its 
collector goes positive. This positive-going step is con- 
nected to the Disconnect Diode through C509-R509 and to 
the Output Signal Amplifier through C506-R506. 

Output Signal Amplifier. The positive-going gate pulse 
from the Sweep Gate stage applied to the base of 0514 pro- 
duces a negative-going pulse at its collector. This pulse is 
connected to the Z Axis Amplifier circuit through R519 to 
unblank the CRTduring sweep time. It is also connected to 
the Holdoff Capacitorthrough R517 and D517 to discharge it 
completely at the beginning ofeach sweep. 

The positive-going gate pulse at the base of 0514 is a Iso 
coupled from the emitter of 0514 to the emitter of 0524. 
The resulting positive-going signal at the collector of 0524 
is coupled to the Vertical Switching circuit through C526 to 
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provide an alternate-trace sync pulse for dual-trace opera- 
tion. It is also coupled to the A GATE output connector on 
the side panel through R529. D528 and D-529 clamp the gate 
signal so it does not go more than about 0.5 volts negative 
and 12.5 volts positive. 

Disconnect Diode. The Disconnect Diode, D533, is quie- 
scently conducting cun^nt through R506, R508, R509, R530 
and R531. The positive-going gate signal from Q504 reverse 
biases D533 and interrupts the quiescent current flow. Now 
the timing current through the Timing Resistor begins to 
charge the Timing Capacitor, C530, so the Sawtaoth Sweep 
Genera torstage can produce a sawtooth output signal. The 
pasitive-going gate signal also reverse biases D547 to dis- 
connect the Sweep Start Amplifier. The Disconnect Diode is 
a fast turn-off diode with low reverse leakage to reduce 
switching time and improve timing linearity at the start of the 
3/veep, 

Sawtooth Sweep Generator. The basic generator cir- 
cuit is a Miller Integrator circuit.'When the cument flow 
through D533 is interrupted by the Sweep Gate signal, the 
Timing Capacitor, C530, begins to charge through the Tim- 
ing Resistor, R530, ond the A Sweep Cal Adjustment, R531. 
The Timing Capacitor and Resistor are selected by the A 
TIME/DIV switch to change sweep rate. The A Sweep Cal 
adjustment allowscalibration foraccurate sweep timing. The 
A VARIABLE control, R530Y (see Timing Switch diagram), pra- 
vides variable sweep rates by changing the charge time of 
C530. 

The pasitive-going voltage at the R530 side of C530 as 
it charges toward -H75 volts is connected to the gate of FET 
0533. This produces a positive -going output voltage which 
isconnected to the base of Q531 through R536. Q531 ampli- 
fiesand inverts the voltage change at itsbase to produce a 
negative-going sawtooth output. To provide a linearcharg- 
ing rate forthe Timing Capacitor, the sweep output signal is 
connected to the negative side of C530. This feedback pro- 
vides a constant charging current for C530 which maintains 
o constant charge rate to produce a lineorsa wtooth output 
signal. The output voltage continues to go negative until 
the circuit is reset through the Sweep Reset Multivibrator 
stage. The output signal from the collector of Q531 is con- 
nected to the Horizontal Amplifier circuit through R538 and 
the Delay Pic koff Compara torstage in the B Sweep Genera- 
tor circuit through R532. 

Sweep Reset Emitter Follower. The negative-going saw- 
tooth voltage at the collector of Q531 isconnected to the 
base of the Sweep Reset Emitter Follower stage, Q543. The 
negative-going signal at the emitter of Q543 is coupled to 
the Sweep Reset Multivibrator stage to determine sweep 
length and to the Sweep Start Amplifierstage to set the start- 
ing point for the sweep. D542 connected to the base of 
0543 protects this stage during instrument warmup. 

Sweep Start Amplifier. The signal at the emitter of Q543 
goes negative along with the applied sawtooth signal. This 
increases the forward bias on D543 which in turn decreases 
the forward bias on D545 as the sawtooth goes negative. 
When the anode of D543 reaches a level about one volt 
more positive than the level on the base of 0544, it is 
reverse biased to interrupt the current flow through 0544. 



T bid., pp, 540-548. 



The circuit remains in this condition until afterthe sweep 
retrace is complete. As the voltage at the emitter of 0543 
returns to its original DC level at the end of the sweep, D545 
is again forward biased and 0544 conducts through D547 to 
set the quiescent current through the Disconnect Diode, D533. 
This establishes the correct starting point for the sweep. 
D546 clamps the collector of 0544 at about -fO.5 volt. This 
reduces the voltage swing at the collector of 0544 and im- 
proves the response time. The Sweep Start adjustment, R758 
(in the B Sweep Generator circuit), sets the base voltage level 
of 0544. The collector of 0531 is held at this same voltage 
level through the feedback loop comprised of 0533 ond 
0531, thereby setting the starting point of the sawtooth out- 
put signal. The level established by the Sweep Start adjust- 
ment isalso connected to the BSweep Start Amplifier so the 
B sweep starts at the same voltage level as the A sweep. 

Sweep Reset Multivibrator. The negative-going saw- 
tooth signal at the emitter of 0543 is coupled to the cathodes 
of D555 and D556. These diodes are quiescently reverse 
biased at the start of the sweep. As the sawtooth voltage 
at the cathode of D555 goes negative, D555 is forward bias- 
ed at a level about 0.5 volts more negative than the base 
level of 0575 (A SWEEP LENGTH cantrol in FULL position). 
Then the negative-going sawtooth signal from the Sweep Re- 
set Emitter Follower stage isconnected to the base of 0 575. 
0 575 and 0585 are connected as a Schmitt bistable multi- 
vibratar’. Quiescently, at the start of the sweep, 0585 is 
conducting and 0575 is biased off to produce a negative 
level at its collector. This negative level allows the Sweep 
Gate tunnel diode, D505, to be awitched to produce a sweep 
asdiscussd previously. When the negative-going sweep sig- 
nal is connected to the base of Q575 through D555, 0575 
iseventually biased on and 0585 isbiased off by the emitter 
coupling between Q575 and Q585. The collector of 0575 
rises positive and D505 is switched back to its low-voltage 
state through R502. D505 is held in its low-voltage state so 
it cannot accept incoming trigger pulses until after the Sweep 
Reset Multivibratar stage is reset. This ends the Sweep Gate 
stage output and the Disconnect Amplifier stage is turned 
on to rapidly discharge the Timing Capacitor and pull the 
gate of 0533 rapidly negative to its original level to pro- 
duce the retrace portion af the sawtooth signal. The Saw- 
tooth Sweep Generator stage is now ready to produce 
another sweep as soon as the Sweep Reset Multivibrator 
stage is reset and another trigger pulse is received. 

When 0575 is turned on to end the sweep, it remains in 
conduction fora period of time to establish a holdoff period 
and allow all circuits to return to their original conditions 
before the next sweep is produced. The holdoff time isdeter- 
mined by the charge rate of the Holdoff Capacitor, C550. At 
the start of the sweep, C550 is completely discharged by the 
unblinking gate at the collector af 0514. It is held at this 
level throughout the sweep time. When the Sweep Gate 
output ends, 0514 is cut off and C550 begins to charge to- 
ward -F75 volts through R552 and F1551. The positive-going 
voltage across he Holdoff Capacitor as it charges is con 
nected to the base of 0575 through D552 and D559. When 
the base of 0575 rises positive enaugh so it is reverse biased, 
its collector level drops negative and 0585 comes back into 
conduction. The biason the Sweep Gate tunnel diode, D505, 
returns to a level that allows it to accept the next trigger 
pulse (D505 is enabled). The Holdoff Capacitor, C550, is 
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changed by the A HME/DIV switch for the various sweep 
rates to provide the con^ct hoidoff time. Diagram 12 shows 
a compiete diagram of the A TIME/DIV switch. 

As the A SA/EEP LENGTH controi is rotated counterciock- 
wise from the FULL position, R555 piace as more positive 
Levei on the anode af D556 than is on the anode of D555 
so D555 remains reverse biased. The Sweep Reset Muiti- 
vibrator is reset as described for FULL sweep iength opera- 
tion at the point where D556 (instead of D555) is forward 
biased. Since this occurs at a more positive ievei on the 
negative-going sawtooth, the dispiayed sweep is shorter. 
Thus, R555 provides a variabie sweep iength forthe A Sweep 
(from about 11 divisions in the FULL position to about four 
divisions in the fuiiy ciockwise position-not in B ENDS A 
detent). In the B ENDS A position (fuiiy counterciockwise), 
o negative-going puise from the B Sweep Generator circuit 
is connected to the base of Q575 through D575 at the end 
of the B sweep time. If the A sweep is stiii running, this nega- 
tive-going puise turns Q575 on to end the A sweep aiso. 
Since the A sweep ends immediateiy foiiowing the end of 
the B sweep, this position provides the maximum repetition 
rate (brightest trace) forDeiayed Sweep mode operation. 

The HF STAB controi, R551, varies the charging rate af 
the Hoidoff Capacitor to provide a stabie dispiay at fast 
sweep rates This change in hoidoff a iiows sweep synchroni- 
zation for iess dispiay jitter at the faster sweep rates The HF 
STAB controi has iittie effect at siow sweep rates 

Lamp Driver. The auto gate ievei from the Auto Muiti- 
vibrator stage in the A Trigger Generatar circuit is con- 
nected to the Lamp Driver stage, 0594, through D591 and 
D594. This gate ievei is coincident with the trigger puise 
generated by the A Trigger Generator circuit and is present 
oniy when the instrument is correctiy triggered. The positive- 
going auto-gate ievei saturates Q594 and its coiiector goes 
negative to about zero voits This appiies about 12 voits 
across B596, A SWEEP TRIG'D iight, and it comes on. This 
iight remains on as iong as the auto-gate ievei is present. 
When the auto-gate ievei goes negative because the instru- 
ment is no ionger triggered, D595 ciampsthe base ievei of 
0594 at about -0.5 voit and 0594 is reverse biased. The 
coiiector of 0594 rises positive and B596 goes off. 



Auto Trigger Mode Operation 

Operation of the A Sweep Generator circuit in the AUTO 
TRIG position of the A SWEEP MODE switch, is the same 
as for the NORM TRIG position iust described when a trigger 
puise is appiied. However, when a trigger puise is not 
present, a free-running reference trace is produced in the 
AUTO TRIG mode. This occurs as foiiows: 

The auto-gate ievei from the Auto Muitivibrator stage in 
the A Trigger Generator circuit is aiso connected to D592. 
When the auto-gate ievei is positive (triggered), the current 
fiowing through D592 and R593 reverse biases D593 and the 
Sweep Gate tunnei diode, D505, operates as previousiy 
described for NORM TRIG operation. However, when the 
instrument is not triggered, the auto-gate ievei drops nega- 
tive and the reduction in current through D592 and R593 
aiiow D593 to become forward biased. Now, when the 
Sweep Reset Muitivibratar stage resets at the end of the 
hoidoff period, the additionai cument from R593-D593 
fiows through D505 and is sufficient to automaticaiiy switch 
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the Sweep Gate tunnei diode back into its high-voitoge state. 
The resuit is that the A Sweep Generator circuit is auto- 
maticaiiy retriggered at the end of each hoidoff period 
and a free-running sweep is produced. Since the sweep free 
runs at the sweep rate of the A Sweep Generator circuit (as 
seiected by the A TIME/DIV switch), a bright reference trace 
is produced even at fast sweep rates 



Singie Sweep Operation 

Generai. Operation of the Sweep Generator in the 
SINGLE SWEEP position of the A SWEEP MODE switch is 
simiiarto operation in the other modes However, after one 
sweep has been produced, the Sweep Reset Muitivibrator 
stage doesnot reset. Aii succeeding trigger puises a re iocked 
out untii the RESET button is pressed. 

In the SINGLE SWEEP position, the A SWEEP MODE 
switch disconnects the charging current for the Hoidoff 
Capacitor. Now, 0575 remains on when it is forward biased 
through D555 or D556 at the end of the sweep. With Q575 
on, D505 is heid in its iow-voitage state to iock out any 
incoming trigger puises The circuit remains in this condition 
untii reset by the Singie-Sweep Reset Ampiifier stage. 

Singie-Sweep Reset Ampiifier. The Singie-Sweep Reset 
Ampiifier, 0564, produces a puise to reset the Sweep Reset 
Muitivibrator stage so another sweep can be produced in 
the SINGLE SWEEP mode of operation. Ouiescentiy, 0564 
is biased off and the RESET switch is open. When the RESET 
button is pressed, B568 ignites and the voitage at the base 
of 0564 goes negative. 0564 saturates and produces a 
positive-going output puise. This puise has sufficient ampii- 
tude to shut off 0575 and aiiow 0585 to conduct and enabie 
the Sweep Gate tunnei diode, D505. Now the A Sweep 
Generator circuit can be triggered when the next trigger 
puise is received. 

Lamp Driver. In the SINGLE SWEEP mode, the cathode of 
D591 is connected to ground to biockthe incoming auto-gate 
ievei. The A SWEEP TRIG'D light, B596 is disconnected from 
the collectorof 0594 and the RESET light, B597, isconnected 
into the circuit. The anode of D595 isalso disconnected from 
ground. Now the condition of 0594 is detemiined by the 
Sweep Reset Muitivibratar stage. When 0585 is off before 
the RESET button is pressed, the collector level of 0585 is 
negative. The current through R594-D595-R587-R588 sets the 
base level of 0594 negative enough to bias it off. How- 
ever, when the RESET button is pressed and 0585 turns on, 
its collector goes positive. This positive level allows the 
base of 0594 to go positive also and it is biased on. The 
collector of 0594 goes negative and the RESET light comes 
on. 0594 and the RESET light remain on until 0585 turns 
off again at the end of the next sweep. 



B TRIGGER GENERATOR 

General 

The B Trigger Generatar circuit is basically the same as 
the A Trigger Generator circuit. Only the differences be- 
tween the two circuits are discussed here. Portions of the 
circuit not described in the following discussion operate in 
the same manner as for the A Trigger Generator circuit 
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Fig. 3-12. B Trigger Generator detailed block diagram. 



(corresponding circuit numbers are assigned in the 600-699 
range). ITig. 3-12 H iows a detaiied biock diagram of the B 
Trigger Generator circuit. A schematic of this circuit is 
shown on diagram 10 at the rear of this manuai. 



Input Stage 

The B Input Stage operates in basicaiiy the same manner 
as described for the A Trigger Generator circuit. However, 
in the B Trigger Generator circuit, the HORIZ DISPLAY 
switch, SW801A and D638, biock the B Trigger Generator 
input signai in the modes where B triggering is not desired. 
In the A position of the HORIZ DISPLAY switch, -12 voits 
is connected to the cathode af D635 and it is forward biased. 
Since the cathode of D638 isconnected to H-12 voits through 
R638, D638 is reverse biased and it biocksthe trigger signai. 
In the A INTEN DURING B and DELAYED SWEEP (B) posi- 
ions, a second switch, B SWEEP MODE SW635 determines 
whether the B trigger signai is biocked or passed to the 
Slope Comparator stage. If the B 3A/EEP MODE switch is 
in the B STARTS AFTER DELAY TIME position, the trigger 
signal is blocked as in the A position. However, the B Sweep 
Generator essentially free runs in this position as controlled 
by another portion of the B 3A/EEP MODE switch located 
in the B Sweep Generator circuit (see B Sweep Generator 
discussion). In the TRIGGERABLE AFTER DELAY TIME posi- 
tion, -12 volts is connected to the cathode of D638 through 
R639 rather than to D635. This forward biases D638 and 
allowsthe B triggersignal to pass to the B Slope Comparator 
stage. 



In all positions of the HORIZ DISPLAY switch except EXT 
HORIZ D641 is back biased since it is connected to H-12 
volts through R641. In the EXT HORIZ position, D638 is 
reverse biased because its cathode rises positive toward 
H-12 volts applied through R638. Therefore, the trigger 
signal can not passthrough D638. D641 is forward biased 
by -12 volts connected to its cathode through R642 by 
SW801A. The signal from the Input Stage is connected to 
the Horizontal Amplifier through D641 and the External 
Horizontal Gain Network, R644-R645-R646. Gain of the 
External Horizontal circuit is set by R645, Ext Horiz Gain, 
so a signal applied to the Channel 1 INPUT connector pro- 
duces the indicated horizontal deflection. 

The external horizontal signal can be obtained either 
externally from the B EXT TRIG INPUT or EXT HORIZ con- 
nector when the B SOURCE switch is set to EXT or EXT -h 
10, or internally from Channel 1 when the TRIGGER switch 
is in the CH 1 ONLY position and the B SOURCE switch is 
set to INT 



Pulse Amplifier 

The Pulse Amplifier in the B Trigger Generator operates 
much the same as in the A Trigger Generator. However, 
since there is no Auto circuit in the B Trigger Generator, a 
pulse is available only at the collector of 0684. The output 
pulse is applied to the B Sweep Generator through T686 
and R688-C688. 
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B SWEEP GENERATOR 

General 

The B Sweep Generator circuit is basically the same as 
the A Sweep Generator circuit. Only the differences be- 
tween the two circuits are discusssd here. The following 
circuits operate as described for the A Sweep Generator 
comesponding circuit numbers assigned in the 700-799 
range): Sweep Gate [D705, 0704), Disconnect Diode (D742), 
Sawtooth Sweep Generator (0743 and 0741), Sweep Reset 
Emitter Follower (0753) and the Sweep Start Amplifier 
(0754). Ho. 3-13 ^ ows a detailed block diagram of the B 
Sweep Generator circuit. A schematic of this circuit is shown 
on diagram 11 at the rear of this manual. 



Output Signal Amplifier 

Basically, the B Output Signal Amplifier is the same as 
the corresponding circuit in the A Sweep Generator circuit. 
Two unblanking gates are available from the collector of 
0714. An unblanking gate is connected to the Z Axis Amp- 



lifier circuit through R717 and the HORIZ DISPLAY switch 
to unblank the CRT to display the B sweep. For A INTEN 
DURING B operation, additional unblinking current is added 
to the A unblinking gate during the B sweep time. This 
produces a display which is partially unblanked during A 
sweep time and further unblanked during B sweep time to 
produce a display which has an intensified portion coinci- 
dent with the B sweep time. 



Delay-Pic koff Comparator 

The Delay-Pickoff Comparator stage allows selection of 
the amount of delay from the start of the A sweep before 
the B Sweep Generator is turned on. This stage allows the 
start of B sweep to be delayed between O.ZOand 10.20 times 
the setting of the A TIME/DIV switch. Then, the B Sweep 
Generataris turned on and operatesat a sweep rate inde- 
pendent of the A Sweep Genera tor(determined by setting of 
B TIME/DIV switch). 

Q764A and B are connected as a voltage comparator. 
In this configuration, the transistor with the most positive 
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Fig. 3-13. B Sweep Generator detailed block diogram. 
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base controls conduction. A dual transistor, 0764, and a 
dual diode, D764, provide temperature stability for the 
comparator circuit. Q769 maintains a constant current 
through the conducting transistor. Reference voltage for 
the comparator circuit is provided by the DEtAY-TlME 
MULTIPLIER control, R760. The voltage to this control is 
filtered by R759-C759 to hold it constant and allow precise 
delay pickoff. The instrument is calibrated so that the major 
dial markings of R760 correspond to the major divisions 
of horizontal deflection on the graticule. For example, 
if the DELAY-TIME MULTIPLIER dial is set to 5.00, the B 
Sweep Generator is delayed five divisions of the A sweep 
time before it can produce a sweep (B sweep delay time 
equals five times setting of A TIME/DIV switch). 

The output sawtooth from the A Sawtooth Sweep Gen- 
erator stage is connected to the base of Q764A. The qui- 
escent level of the A sawtooth biases Q764A on and its 
collector is negative enaugh to hold Q772 in the Delay 
Multivibrator stage in conduction. As the A sweep output 
sawtooth begins to run down, the base of Q764A also goes 
negative. When it goes more negative than Ihe level at 
the base of Q764B (established by the DELAY-TIME Multi- 
plier control), Q764B takes over conduction of the com- 
parator and Q764A shuts off. This also switches the Delay 
Multivibratar stage to produce a negative-going reset pulse 
to the B Sweep Reset Multivibrator. 

When the A sweep resets, Q764A is again returned to 
conduction and Q764B is turned off. This also resets the 
Delay Multivibrator to produce a positive -going output 
pulse. If the B sweep is still running, this positive-going 
pulse forcesthe BSweep Reset Multivibratorto resetand end 
the B sweep also. 

Delay Multivibrator 

The Delay Multivibrator, Q768 and 0772, provides a 
lockout for the B Sweep Generator circuit during the A 
Sweep Generator reset and holdoff time to allow accurate 
delayed-sweep measurements when the DELAY-TIME Multi- 
plier dial is set near 0. This stage prevents the B Sweep 
Generator from being triggered before the A Sweep Gen- 
erator is triggered (B Sweep Generator must always be 
triggered after the A Sweep Generator is triggered). This 
circuit also producesa pulse which resets the B Sweep Reset 
Multivibrator stage after the delay period so the B Sweep 
Gate tunnel diode can be enabled to produce a sweep. 

Transistors Q768 and Q772 are connected as a Schmitt 
bistable multivibrator. Quiescently, Q772 is held on by the 
negative level at the collector of Q764A and Q768 remains 
off. The circuit remains in this condition until the incoming 
A Sweep switches the Delay-Pic koff Comparator(see Delay- 
Pickoff Comparator discussion). Then, the base of Q772 
goes positive and it turns off. At the same time, the base of 
0768 is pulled negative by the collector level of Q764B 
and it turns on. The collector of 0772 goes negative and a 
negative-going output pulse is coupled to the B Sweep 
Reset Multivibrator stage through C774. This pulse resets the 
B Sweep Reset Multivibrator which in turn enables the B 
Sweep Gate stage. 

Sweep Reset Multivibrator 

The basic B Sweep Reset Multivibra ior configuration and 
operation is the same as for the A Sweep Generator. How- 



ever, several differences do exist. The B Sweep Reset Multi- 
vibrator dos not have a sweep length network for variable 
sweep length ora Holdoff Capacitorand associated circuit 
to reset the B Sweep Reset Multivibrator after the retrace. 
Instead, the negative-going sweep from the B Sweep Reset 
Emitter Follower, 0753, is connected to the base of 0785 
through D748. Diode D748 is forward biased when the 
sweep voltage at the emitterof 0753 dropsabout 0.5 volts, 
more negative than the level at the base of 0785 established 
by voltage divider R784-R785 between -1-12 volts and the 
collector of 0775. This negative-going sawtooth turns on 
0785 and its collector goes positive to switch the B Sweep 
Gate tunneldiode, D705to its low-voltage state, which resets 
the B Sweep. 0785 remains on and holds the B Sweep 
Gate tunnel diode locked out until the B Sweep Reset Multi- 
vibrator is reset by the Delay Multivibrator. 

When the BSweep Reset Multivibrator is reset by the Delay 
Multivibrator, 0775 comes on and 0785 turns off. The 
collector of 0785 goes negative and the B Sweep Gate 
tunnel diode, D705, is enabled. The state in which D705 
remains depends upon the B SWEEP MODE switch and the 
HORIZ DISPLAY switch. When the B SWEEP MODE switch, 
SW635, is set to the TRIGGERABLE AFTER DELAY TIME 
position, D705 is biased so it can be switched to its high- 
voltage state by the next trigger pulse from the B Trigger 
Generatar. However, if the B SWEEP MODE switch is set 
to the B STARTS AFTER DELAY TIME position, the setting 
of the HORIZ DISPLAY switch, 3A/801A, determines opera- 
tion of the B Sweep Gate tunnel diode. In the A position, the 
B trigger pulses are blocked in the B Trigger Generator 
circuit so the B Sweep Generator cannot be triggered and 
does not produce a sweep. In the A INTEN DURING B 
and DELAYED 3A/EEP (B) position, -12 volts is connected 
to the cathode of D705 through R786 and R789. This voltage 
pulls the cathode of D705 negative enough so that it auto- 
matically switches to its high-voltage state after it is enabled 
by the B Sweep Reset Multivibrator stage. This produces 
a free-running B sweep Reset similar to the no trigger AUTO 
TRIG mode in the A Sweep Generator. However, since 
the B Sweep is reset (and automatically retriggered) at a 
fixed point on the A sweep sawtooth, the display is rela- 
tively stable. The best delayed sweep stability is provided 
in the TRIGGERABLE AFTER DELAY TIME position, since the 
B sweep is triggered by the trigger signal in this mode. 

B Ends A Pulse Amplifier 

The positive-going voltage as the B unblanking gate ends 
is coupled to the B Ends A Pulse Amplifier, 0734, through 
C731 and D731. When the A SWEEP LENGTH control is 
in the B ENDS A position, this pulse saturates 0734 to 
produce a negative-going ouput pulse at its collector. This 
negative-going pulse is connected to the A Sweep Reset 
Multivibrator stage to reset the A sweep at the end of the 
B sweep for maximum delayed sweep repetition rate. 

HORIZONTAL AMPLIFIER 

Genera I 

The Horizontal Amplifier circuit provides the output signal 
to the CRT horizontal deflection plates In all positions of 
the HORIZ DISPLAY switch except EXT HORIZ the hori- 
zontal deflection signal is a sawtooth from either the A 
Sweep Generator circuit or the BSweep Generator circuit. 
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In the EXT HORIZ position, the horizontai defection signai 
is obtained from the input Stage of the B Trigger Generator. 
In addition, this circuit contains the horizontai magnifier 
circuit and the horizontai positioning network. iFio. :f-l41 
shows a detaiied biock diagram of the Horizontai Amp iifier 
circuit. A schematic of this circuit is shown on diagram 13 
at the rear of this manuai. 



Input Amplifiers 

The input signal for the Horizontal Amplifier is selected 
by the HORIZ DISPLAY switch, SW801A. In the A and A 
INTEN DURING B positions of the HORIZ DISPLAY switch, 
the sawtooth from the A Sweep Generator is connected to 
the base of the - Input Amplifier, 0814, through R803. In 
the DELAYED SWEEP (B) position, the Bsawtooth isconnected 
to the base of Q814. Whichever sawtooth signal is con- 
nected to the base of Q814 produces a current change which 
is amplified to produce a positive-going sawtooth voltage at 
the collector. This positive -going sawtooth signal is con- 
nected ta the base af Q834 in the Paraphase Amplifier 
stage. 

In the EXT HORIZ position of the HORIZ DISPLAY switch, 
the external horizontal signal from the B Trigger Generator 



circuit is connected to the base of the -I- Input Amplifier, 
0824, through R821 The A and B sawtooth signals are 
grounded by the HORIZ DISPLAY switch. The B SOURCE 
switch selects either the internal signal from Channel 1 
(TRIGGER switch set to CH 1 ONLY) or an external signal 
connected to the EXT HORIZ connector. When the internal 
signal is selected, the Channel 1 deflection factor as indi- 
cated by the CH 1 VOLT^DIV switch applies as Horizontal 
Vo It^ Division. More information on the external horizontal 
circuitry is contained in the B Trigger Generator circuit 
discussion. 

Horizontal positioning is provided by the POSITION con- 
trol, R805A, and the FINE control, R805B, connected to the 
base of 0814. These controls vary the quiescent DC level 
at the base of 0814 which in turn sets the DC level at the 
horizontal deflection plates to determine the horizontal 
position of the trace. C804-RB04 eliminate common-mode 
noise from the position controls. 



Paraphase Amplifier 

The output of the -F and - Input Amplifier stages is 
connected to the Paraphase Amplifier stage, Q834 and Q844. 
This stage converts the single-ended input signal from either 
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Input Amplifier stage to a push-pull output signal which is 
necessary to drive the horizontal deflection plates of the 
CRT. In all positions of the HORIZ DISPLAY switch except 
EXT HORIZ a positive-going sawtooth signal is connected 
to the base of Q834 through Q814. This produces a nega- 
tive-going sawtooth valtage at the collector of Q834. At 
the same time, the emitter of Q834 goes positive and this 
change is connected to the emitter of Q844 through the 
gain-setting network, R835-R836-R845-R846. In all positions 
of the HORIZ DISPLAY switch except EXT HORIZ no signal is 
connected to the base of 0844 thraugh 0824 so that 0844 
opera tesasthe emitter-driven section of a paraphase amp- 
lifier. Then, the positive-going change at its emitter is amp- 
lified to produce a positive-gaing sawtooth signal at the 
collector. Thus the single-ended input sawtooth signal has 
been amplified and is available as a push-pull signal at the 
collectors of Q834 and 0844. 

In the EXT HORIZ position of the HORIZ DISPLAY switch, 
the external horizontal deflection signal is connected to the 
base of 0844 through 0824 and the sawtooth signal at 
the base of Q814 is disconnected. Now, the circuit operates 
much the same as just described with the sawtooth input. 
A positive-going external horizontal deflection signal pro- 
duces a negative-going change at the base of Q844 which 
decreases the cunent flow through this transistor. The col- 
lector of 0844 goes positive while the emitter-coupled signal 
to 0834 producesa negative-going change at the collector 
of 0834. 

This stage also provides adjustment to set the nornial and 
magnified gain of the Horizontal Amplifier circuit, and the 
MAG switch to provide a horizontal sweep which is mag- 
nified 10 times. For normal sweep operation [MAG switch 
set to OFF), R835 and R836 cantrol the emitter degeneration 
between 0834 and 0844 to set the gain of the stage. R835, 
Normal Gain, is adjusted to provide calibrated sweep rates. 
When the MAG switch, SW801B, is set to the XIO position, 
R845 and R846 are connected in parallel with R835 and 
R836. This additional resistance decreases the emitterdegen- 
eration of this stage and increases the gain of the circuit 
10 times. R845, Mag Gain, is adjusted to provide calibrated 
magnified sweep rates When the MAG switch is set to 
XIO, the MAG ON light, B849, is connected to the H-150- 
volt supply through R849. B849 ignites to indicate that the 
sweep is magnified. In the EXT HORIZ position of the HORIZ 
DISPLAY switch, the magnifier is connected into the circuit 
so the horizontal gain is correct far external horizontal 
operation regardless of the setting of the MAG switch. 
However, both sides of B1049 are connected to ground so 
it does not ignite. 

Output Amplifier 

The push-pull output of the Paraphase Amplifier is con- 
nected to the Output Amplifier. Each half of the Output 
Amplifier can be considered as a single-ended, feedback 
amplifier which amplifies the signal cunent at the input to 
produce a voltage output to drive the horizontal deflection 
plates of the CRT. The amplifiers have a low input imped- 
ance and require very little voltage change at the input to 
produce the desired output change. Diodes D851-D852 and 
D861-D871 protect the amplifier from being overdriven by 
excessive current swing at the collectors of 0834 and 0844. 
Negative feedback is provided from the collectors of the 
final transistors, Q884 and Q894, to the bases of the input 



transistors through C882-R882 and C892-R892. C882 and 
C892 adjust the transient response of the amplifier so it has 
good linearity at fast sweep rates. 

The Mag Register adjustment, R855, balances the quiescent 
DC current to the base of Q863 and Q873 so a center-screen 
display does not change position when the MAG switch is 
changed from XIO to OFF. 

The TRACE FINDER switch, SW330, reduces horizontal 
scan by limiting the cunent available to 0884 and 0894. 
Nomially the collectors of these transistors are returned to 
H-150 volts. However, when the TRACE FINDER switch is 
pressed in, the powerfrom the unregulated -Fl50-volt supply 
is interrupted and the collector voltage for0884 and Q894 
is supplied from -F75 volts through D884. Since the collectors 
are returned to a lower potential, the output voltage swing 
is reduced to limit the horizontal deflection within the grati- 
cule area. 

Z AXIS AMPLIFIER 

General 

The Z Axis Amplifier circuit controls the CRT intensity 
level from several inputs. The effect of these input signals 
is to either increase or decrease the trace intensity, or to 
completely blank portions of the disolav. rFia. 3-15 I shows a 
detailed block diagram of the Z Axis Amplifier circuit. A 
schematic of this circuit is shown on diagram 16 at the 
rear of this manual. 

Input Amplifier 

The input transistor, Q1014, in the Input Amplifier stage 
is a current-driven, low-input impedance amplifier. It 
provides termination for the input signals as well as isola- 
tion between the input signals and the following stages. 
The current signals from the various central sources are 
connected to the emitter of Q1014 and the sum or differ- 
ence of the signals detemiines the collector conduction 
level. D1015 and D1016 in the collector provide limiting 
protection at minimum intensity. When the INTENSTTY con- 
trol is set fully counterclockwise (minimum), the collector 
current of Q1014 is reduced and its collector rises positive. 
D1015 is reverse biased to block the control current at the 
base of Q1023, and Q1016 is forward biased to protect 
the circuit by clamping the collector af Q1014 about 0.5 
volts more positive than the emitter level of Q1023. This 
limiting action also takes place when a blanking signal is 
applied. The clamping of D1016 allows Q1014 to recover 
fasterto produce a sharperdisplay with sudden changes in 
blanking level. At normal intensity levels, D1016 is reverse 
biased and the signal from Q1014 is coupled to emitter 
follower Q1023 through D1015. 

The input signals vary the current drive to the emitter of 
Q1014, which producesa collector level that determines the 
brilliance of the display. The INTENSITY control sets the 
quiescent level at the emitter of Q1014. When R1005 is 
turned in the clockwise direction, more current from the 
INTENSrfY control is added to the emitter circuit of Q1014 
which results in an increase in collector cunent to provide a 
brighter trace. However, the vertical chopped blanking, Z 
Axisinputand A and Bunblanking signals determine whether 
the trace is visible. The vertical chopped blanking signal 
blanks the trace during dual-trace switching. This signal 
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decreases the current through Q1014during the trace switch- 
ing time to biank the CRT dispiay. The externa i bianking 
input aiiows an extemai signai connected to the Z AXIS 
INPUT connector to change the trace intensity. A positive- 
going signai connected to the Z AXIS INPUT connector 
decreases trace intensity and a negative-going signai in- 
creases trace intensity. The A and B unbianking gate signais 
from the A and B Sweep Generator circuits biank the CRT 
during sweep retrace and recovery time so there is no dis- 
piay on the screen. When the Sweep Generator circuits are 
reset and recovered, (see A and B Sweep Generator dis- 
cussion for more information) the next trigger initiates the 
sweep and an unbianking gate signai is generated in the 
A ar B Sweep Generator circuit that goes negative to aiiow 
the emitter current to reach the ievei estabiished by the 
INTENSITY control and the other blanking inputs. 



Output Amplifier 

The resultant signal produced from the various inputs by 
the Input Amplifier stage is connected to the base of Q1024 
through C1029 and to the base of Q1034 through R1024. 
These transistors a re connected asa collector-coupled com- 
plementary amplifier. This configuration provides a linear, 
fast output signal with minimum quiescent power. 

The Z Axis Amplifier circuit is a shunt-feedback operational 
amplifier with feedback from the Output Amplifier stage to 
the Input Amplifier stage through C 1036-C 1037-R1036. The 
output voltage is determined by the input current times the 
feedback resistor and is shown by the formula ;Eout = iin X 
Rfb where Rfbis R1036. The unbianking input current change 
is approximately two milliamperes Therefore, the output 
voltage change is obout 60 volts (2 mA X 30.1 kn). Cl 036 



adjusts the feedback circuit for optimum high-frequency re- 
sponse. 

^ner diode D1043 connected between -H75 volts and 
-1-150 volts through D1044, R1044 and R1043 produces a 
-rOO-volt level at the cathode of D1043. This voltage estab- 
lishes the correct operating level for the Geometry adjust- 
ment in the CRTCircuit ond establishes the correct collector 
level for Q1043. D1045 connected from base to emitter of 
Q1043 improves the response of Q1043 to negative-going 
signals. When the base of Q1043 isdriven negative to cutoff, 
D1045 is forward biased and conducts the negative-going 
portion of the unbianking signal. This provides a fast fall- 
ing edge on the unbianking gate to quickly turn the display 
off. The output unbianking gate at the emitter of Q1043 
isconnected to the CRTcircuit through R1046. 

CRT CIRCUIT 

General 

The CRT Circuit provides the high voltoge and control 
circuits necessory for operation of the cathode-ray tube 
(CRT). IFio. 3-16l hows a detailed block diagram of the CRT 
Circuit. A schematic, of this circuit is shown on diagram 16 
at the rear of this manual. 

High-Voltage Oscillator 

0930 and associated circuitry comprise a class C oscilla- 
toh“to produce the drive for the high-voltage transformer, 
1930. When the instrument is turned on, the current through 
R925 charges C913 positive and Q930 is forward biased. 

“Lloyd P. Huntor, pp. 14-1 9—1 4-21. 
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Fig. 3-16. CRT Circuit detailed block diagram. 



The collector current of Q930 increoses and a voltage is 
developed across the collector winding of 1930. This pro- 
duces a corresponding voltage increase in the feedback wind- 
ing of 1930 which is connected to the base of Q 930, and it 
conducts even harder. While Q930 is on, its base current 
exceeds the cun^nt through R925 and C 913 charges nega- 
tively. Eventually the rate of collector cun^nt increase in 
Q930 becomes less than that required to maintain the volt- 
age across the collector winding and the output voltage 
drops This turns off Q930 by way of the feedback voltage 
to the base. The voltage waveform at the collector of Q930 
is a sine wave at the resonant frequency of 1930. Q930 re- 
mains off until a little less than one cycle later when C913 
discharges sufficiently to raise the voltage at the base of 
Q930 positive enough to bias 0930 into conduction again. 
The cycle repeats at a frequency of 40 to 50 kilohertz. The 
amplitude of sustained oscillation depends upon the average 
current delivered to the base of Q930. 

Fuse F937 protects the -Fl2-volt Supply if the Fligh-Volt- 
age Oscillator stage is shorted. C937 and L937 prevent 
the current changes at the collector of 0930 from affecting 
the -Fl2-volt regulator circuit. 

Flig h- Vo Ita g e Regulator 

Feedbackfrom the secondary of 1930 isconnected to the 
base of 0914 through the voltage divider network R901- 
R910. This sample of the output voltage is compared to 
the -12-volt level at the emitter of 0914. It is then 
amplified by 0914 and 0913 and applied to the base of 
0923. Amplitude of the oscillations at the collector of 0930 



is determined by the average DC level at the emitter of 
0923. 

Regulation takes place as follows: If the output voltage 
at the -1950V test point starts to go positive (less negative), 
a sample of this positive-going voltage isapplied to the base 
of 0914. 0914 is forward biased and it, in turn, forward 
biases 0913 to increase the conduction of 0923. An in- 
crease in current through 0923 raises the average voltage 
level of its emitter which isconnected to the base of 0930 
through the feedback winding of 1930. A more positive 
level at the base of 0930 increases the collector current to 
produce a larger induced voltage in the secondary of 1930. 
This increased voltage appears as a more negative voltage 
at the -1950V test point to correct the original positive- 
going change. By sampling the output from the cathode 
supply in this manner, the total output of the high-voltage 
supply is held constant. 

Output voltage level of the high-voltage supply is con- 
trolled by the Fligh Voltage adjustment, R900, in the base 
circuit of 0914. This adjustment sets the conduction level 
of 0914 which controls the quiescent conduction of 0913, 
0923 and 0930 similar to the manner just described fora 
change in output voltage. 



Fligh Voltage Rectifiers and Output 

The high-voltage transformer, 1930, has five output wind- 
ings Two of these windings provide filament voltage for 
the rectifier tubes V952 and V962. A third low-voltage wind- 
ing provides filament voltage for the cathode-ray tube. The 
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filament voltage can be supplied from the high-voltage 
supply since the cathode-ray tube has a very low filament 
current drain. Two high-voltage windings provide the nega- 
tive and positive accelerating voltage and the CRTgrid bias 
voltage. All of these outputs are regulated by the High- 
Voltage Regulator stage in the primary of 1930 to hold the 
output voltage constant. 

Positive accelerating potential is supplied by voltage doub- 
ler V952 and V962. Regulated voltage output is about -H8 
kilovolts. Ground return for this supply is through the resis- 
tive helix inside the cathode-ray tube to pin 7 and then to 
ground through R972. 

The negative accelerating potential for the CRT cathode 
is supplied by the half-wave rectifier D952. Voltage output 
is about -1.95 kilovolts. A sample of this output voltage is 
connected to the High-Voltage Regulator stage to provide a 
regulated high-voltage output. 

The half-wave rectifier D940 provides a negative voltage 
for the control grid of the CRT. Output level is adjustable 
by R940, CRT Grid Bias adjustment. The neon bulbs B973, 
B974 and B975 provide protection if the voltage difference 
between the control grid and cathode exceeds about 165 
volts. The unblanking gate from the Z Axis Amplifier is 
applied to the positive side of this circuit to produce a 
change in output voltage to control CRT intensity, unblank- 
ing, dual-trace blanking and intensity modulation. 



CRT Control Circuits 

Focus of the CRT display is controlled by the FOCUS con- 
trol, R967. Divider R963-R968 is connected between the CRT 
cathode supply and ground. The voltage applied to the 
focus grid is more positive (closer to ground level) than the 
voltage on either the control grid or the CRT cathode. The 
ASTIG adjustment, R985, which is used in conjunction with 
the FOCUS control to provide a well-defined display, varies 
the positive level on the astigmatism grid. The -H90-volt 
source for this control is provided by zener diode D1043 in 
the Z Axis Amplifier circuit. 

Geometry adjustment, R982, varies the positive level on 
the horizontal deflection plate shields to control the overall 
geometry of the display. Two adjustments control the trace 
alignment by varying the magnetic fields around the CRT. 
The Y Axis Align adjustment, R989, controls the cument 
through L989 which affects the CRT beam after vertical de- 
flection but before horizontal deflection. The TRACE ROTA- 
TION adjustment, R980, controls the cunent through L980 
and affectsboth vertical and horizontal rotation of the beam. 



External Z Axis Input 

A signal applied to the Z AXIS INPUT connector (see Z 
Axis Amplifier schematic) is applied to the CRT cathode 
through C 979-C 976-R976. DC and low frequency Z-axis sig- 
nals are blocked from the CRT circuit by C979. They are 
connected to the Z Axis Amplifier circuit to produce an in- 
crease or decrease in intensity, depending upon polarity. 
C976 and C979 couple high-frequency signals directly to the 
CRT cathode to produce the same resultant display as the 
Z Axis Amplifier circuit produces for low-frequency signals. 



This configuration operatesasa crossover network to provide 
nearly constant intensity modulation from DC to 50 mega- 
hertz. 



LOW- VOLTAGE POWER SUPPLY 
Genera I 

The low-voltage Power Supply circuit provides the operat- 
ing power for this instrument from three regulated supplies 
and one unregulated supply. Electronic regulation'Ms used 
to provide stable, low-ripple output voltages Each regulated 
supply contains a short-protection circuit to prevent instru- 
ment damage if a supply is inadvertently shorted to ground. 
The Power Input stage includes the Une Voltage Selector 
assembly. This assembly allows selection of the nominal 
operating voltage and regulating rcmge for the instrument. 

I Flo. 3-l7~l shows a detailed block diagram of the Power 
Supply circuit. A schematic of this circuit is shown on dia- 
gram 17 at the rear of this manual. 



Power Input 

Power is applied to the primary of transfomier TllOl 
through the 115-volt line fuse FllOl, POWER switch SWllOl, 
thermal cutout 1K1101, Voltage Selector switch SW1102 and 
Range Selector switch SW1103. The Voltage Selector switch 
SW1102 connects the split primaries of TllOl in parallel for 
115-volt nominal operation, or in series for 230-volt nominal 
operation. A second line fuse, F1102, is connected into the 
circuit when the Voltage Selector switch is set to the 230 V 
position to provide the correct protection for 230-volt opera- 
tion (F1102 cunent rating is one-half of FllOl). The fan is 
connected across one half of the split primary winding so it 
always has about 115 volts applied to it. 

The Range Selector switch, SW1103, allows the instrument 
to regulate correctly on higher or lower than normal line 
voltages. Each half of the primary has taps above and 
below the 115-volt (230) nominal point. As the Range Selec- 
tor switch, 3A/1103, is switched from LO to M to HI, more 
turns are effectively added to the primary winding and the 
turns ratio is decreased. This provides a fairly constant volt- 
age in the secondary of TllOl even through the primary 
voltage has increased. 

Thermal cutout 1K1101 provides thermal protection for this 
instrument. If the internal temperature of the instrument ex- 
ceeds a safe operating level, 1K1101 opens to interrupt the 
applied power. When the temperature returns to a safe 
level, 1K1101 automatically closes to reapply the power. 



-12-volt Supply 

The -12-Volt Supply provides the reference voltage for 
the remaining supplies The output from the secondary of 
TllOl is rectified by bridge rectifier D112A-D. This voltage is 
filtered by C1112 and then applied to the -12-Volt Series 
Regulator stage to provide a stable output voltage. The 
Series Regulator can be compared to a variable resistance 
which is changed to control the output cunent. The current 
through the Series Regulator stage is controlled by the Enror 
Amplifierto provide the conect regulated output voltage. 

"Culler, pp. 559-625. 
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The Error Amplifier is connected as a comparator. Refer- 
ence voltage forthe comparator is provided by zenerdiode 
D1114 which sets the base of Q1114 at about -9 volts The 
base level of Q1124 is determined by voltage divider R1121- 
R1122-R1123 between the output of this supply and ground. 
R1122 is adjustable to set the output voltage of this supply 
to -12 volts R1119 is the emitter resistor for both com- 
parator transistors and the current through it divides be- 
tween Q1114 and Q1124. The output current of the Error 
Amplifier stage controls the conduction of the Series Regula- 
tor stage (through Q1133). This output cun^nt changes to 
provide a canstant, low-ripple -12-volt output level. This 
occurs as follows: The -12-volt regulatar maintains equal 
voltage at the bases of the Error Amplifier transistors Q1114 
and Q1124. If the -12 Volts adjustment R1122, is turned 
clockwise, the current through Q1124 increases (Q1124 base 
tends to go more positive than the base of Q1114) and the 
current through Q 1114 decreases Decreased cunent through 
01114 produces less voltage drop across R1117 and the base 
of 01133 goes positive. The emitter of 01133 pulls the base 
of 01137 positive to increase the cunent through the load, 
thereby increasing the output voltage of the supply. This 
places more voltage across divider R1121-R1122-R1123 and 
the divider action returns the base of 01124 to about -9 
volts A similar, but opposite, action takes place when R1122 
is turned counterclockwise so the base of 01124 is more 
negative than the base of 01114. The -12 Volts adjustment 
R1122, is set to provide a -12-volt level at the output of 
this supply. 

The output voltage is regulated to provide a constant volt- 
age to the load by feeding a sample of the output back to 
the Series Regulator, 01137. For example, assume that the 
output voltage increases (more negative) because of a change 
in load or an increase in line voltage. This negative-going 
level at the output is applied across the voltage divider 
R1121-R1122-R1123 and the base of 01124 goes negative 
also. This reduces the current flow through 01124 which 
allows 01114 to conduct more and its collector goes nega- 
tive. When the collector of 01114 goes negative, the bias 
on 01133 is reduced, resulting in reduced current through 
the Series Regulator, 01137. Reduced current through 01137 
also means that there is less current through the load and 
the output voltage decreases (less negative). In a similar 
mannerthe Series Regulator and Error Amplifier stages com- 
pensate foroutput changesdue to ripple. 

The Short-Protection Amplifier stage, 01129, protects the 
-12-Volt Supply if the output is shorted. For nornial opera- 
tion, the emitter-base voltage of 01129 is not enough to 
bias it on. Flowever, when the output is shorted, high current 
is demanded from the -12-Volt Supply, and this current 
flows through R1129. The voltage drop across R1129 becomes 
sufficient to fon/vard bias 01129 and its collector cunent 
produces an increased voltage drop across R1117. The 
increased voltage drop across R1117 reduces the current flow 
of both 01133 and 01137 to limit the output current. 



H-12-Volt Supply 

Rectified voltage for operation of the -Fl2-Volt Supply is 
provided by D1142 A-D. This voltage is filtered by C1142 
and connected to the -Fl2-Volt Supply Series Regulator and 
to the Fligh-Voltage Oscillator stage in the CRTCircuit. Ref- 
erence voltage forthis supply is provided by voltage divider 



R1151-R1152-R1153 between the regulated -12 volts and 
the output of this supply. The -12 volts is held stable by the 
-12-Volt Supply as discussed previously. If the -Fl2-volt 
output changes, a sample of this change appears at the 
base of 01154 as an error signal. Regulation of the output 
voltage is controlled by the -Fl2-Volt Series Regulator stage, 
01167, in a similar manner to that described for the -12- 
Volt Supply. The -F12 Volts adjustment, R1152, sets the 
output level to -F12 volts D1152 provides thermal com- 
pensation forthe Error Amplifier. C1164 improves response 
of the regulator circuit to AC changes at the output. 

Shorting protection is provided by 01159 and R1159. If 
the output of this supply is shorted, 01159 is biased on to 
limit the conduction of the Series Regulator in the same man- 
ner as described for the -12-Volt Short-Protection Amplifier. 
D1164 protects 01154 when the output of this supply is 
shorted. 



-F75-Volt Supply 

D1172 A-D provides the rectified voltage for the -F75- 
Volt Supply. C1172 filters the rectified voltage which is con- 
nected to the -F75-Volt Series Regulator. Reference voltage 
for this supply is provided by voltage-divider R1181-R1182- 
R1183 between the regulated -12 volts and the output of 
this supply. Since the -12 volts is held stable by the -12- 
Volt Regulator circuit, any change at the base of ErrorAmpli- 
fier 01184 is due to change at the output of the -F75- 
Volt Supply. Regulation of the output voltage is controlled 
by Emor Amplifier 01184-01193 and Series Regulator, 
01197, in a manner similar to that described forthe H-12- 
Volt Supply. The H-75 Volts adjustment R1182, sets the 
quiescent conduction level of the EnorAmplifierstage to pro- 
vide an output level of -F75 volts The output of the H-150- 
Volt Supply (unregulated) is connected to the Error Ampli- 
fierto provide the required collectorsupply forstable opera- 
tion. Zener diode D1209 establishes a volage at its cathode 
of about -F108 volts Then, R1186, zener diode D1185 and 
R1185 drop this voltage to the con^ct level forthe operation 
of 01184. D1182 provides thermal compensation for the 
Error Amplifier. 

01189 provides cunent limiting for this supply through 
D1188. Ouiescently, 01189 is off and under normal operat- 
ing conditions, D1189 is conducting and D1188 is reverse 
biased. Flowever, when the output is shorted, the increased 
current flow thraugh R1187 biases 01189 on and its collector 
goes negative. This fonward biases D1188 and reverse 
biases D1189. Now 01189 limits the collector current of 
01197 through 01193. F1172 also provides overload pro- 
tection. D1198 protects the -F75-volt supply from damage 
if it is shorted to the -12-volt output. 



-Fl50-Volt Unregulated Supply 

Rectifiers D1202 and D1212 provide the unregulated out- 
put for the -Fl50-Volt Supply. The output of the -F75-Volt 
Supply is connected to the negative side of the -Fl50-Volt 
Supply to elevate the output level to -F150 volts Diodes 
D1202 and D1212 are connected as a full-wave center-tapped 
rectifier and the output is filtered by C 1202-C 1204-R1204 to 
hold the output level at about -F150 volts Fuse F1204 pro- 
tects this supply if the output is shorted. 



®i 



3-2 7 




TM 11-6625-1722-15 

6.3-Volt RMS AC Source 

The 6.3-volt RMS secondary winding of TLlOl provides 
power for the POWER ON light, B1107, and the scale illu- 
mination lights, B1108 and B1109. The current through the 
scale illumination lights is controlled by the SCALE ILLUM 
control, R1108, to change the illumination of the graticule 
line voltage to the A and B Trigger Generatar circuits for 
line voltage to the A and B Trigger Generaar circuits for 
internal triggering at the line frequency. C1105 reduces 
noise on the line frequency signal. 



VOLTAGE DISTRIBUTION 

Diagram 17 also shows the distribution of the output volt- 
ages from the Power Supply circuit to the circuit boards in 
this instrument. The decoupling networks which provide de- 
coupled operating voltages are shown on this Diagram and 
are not repeated on the individual circuit diagrams. 



CALIBRATOR 

General 

The Calibratorcircuit producesa square-wave output with 
accurate amplitude and frequency. This output is available 
as a square-wave voltage at the 1 kHz CAL connector or 
as a square-wave current through the side-panel PROBE 
LOO P. Fig. 3-ia shows a detailed block diagram of the Cali- 
bratar circuit. A schematic of this circuit is shown on dia- 
gram 18 at the rear of this manual. 



Osc ilia tor 

01255 and its associated circuitry comprise a tuned-col- 
lector oscillator.” Frequency of oscillation is determined by 
the LC circuit comprised of the primary of variable trans- 
fonrierT1255 in parallel with C1255. The accuracy and sta- 

“Lloyd P. Hunter, pp. 14-3 — 1 4-7. 



bility required to provide an accurate time and frequency 
reference is obtained by using a capacitor and transformer 
which have equal but opposite temperature coefficients. 

The oscillations of the LC circuit, T1255-C1255, are sus- 
tained by the feedback winding of TL255 connected to the 
base of Q1255. C1266 connects a sample of the output of 
the LC circuit to the base of Q1265. The regenerative feed- 
backfrom the emitterof Q1265 to the emitterof Q1255 pro- 
duces fast changeover between Q1255 and Q1265 to pro- 
vide a fast risetime on the output square wave. Frequency 
of the output square wave can be adjusted by varying the 
coupling to the feedback winding of TL255. The square- 
wave signal at the collector of Q1265 is connected to the 
Output Amplifier. 



Output Amplifier 

The output signal from the osc ilia tor stage saturates 01274 
to produce the accurate square wave at the output. When 
the base of 01274 goes positive, 01274 is cut off and the 
output signal drops negative to ground. When its base 
goes negative, 01274 is driven into saturation and the out- 
put signal rises positive to about -F12 volts. The output of 
the -Fl2-Volt Supply is adjusted for an accurate one-volt 
output signal at the 1 kHz CAL connector when the Cali- 
brator switch is set to 1 V. 



Output Divider 

The Output Divider, R1275-R1276-R1277, provides two 
output voltages from the Calibrator circuit. In the 1 V CAU- 
BFIATOR switch position, voltage is obtained from the cal- 
lector of 01274 through R1274. In the .1 V CAUBRATOR 
switch position, the output is obtained at the junction of 
voltage divider R1275 and R1276-R1277 to provide one-tenth 
of the previous output voltage. 

Collector current of 01274 flows through the PROBE 
LOOP on the side panel. Output cunent is a five-millampere 
square wave. 




Fig. 3-18. Calibrator detailed block diagram. 
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SECTION 4 
MAINTENANCE 



Introduction 

This section of the manuai contains maintenance infomia- 
tion for use in preventive maintenance, corrective mainten- 
ance or troubieshooting of the Type 453. 

Cover Removai 

The top and bottom covers of the instrument are heid in 
piace by thumb screws iocated on each side of the instru- 
ment. To remove the covers, ioosen the thumb screws and 
slide the covers off the instrument. The covers protect the 
instrument from dust in the interior. The covers aiso direct 
the fiow of cooiing air and reduce the EMI radiation from 
the instrument. 



PREVENTIVE MAINTENANCE 

G e ne ra I 

Preventive maintenance consists of cieaning, visuai inspec- 
on, iubrication, etc. Preventive maintenance performed on 
a reguior basis may prevent instrument breakdown and wiii 
improve the reiiabiiity of this instrument. The severity of the 
environment to which the Type 453 is subjected determines 
the frequency of maintenance. 



C iea ning 

Generai. The Type 453 shouid be cieaned as aften os 
operating conditions require. Accumuiation of dirt in the 
instrument can cause overheating and component breakdown. 
Dirt on components acts as an insuiating bianketand prevents 
efficient heat dissipation. It also provides an electrical 
conduction path. 

CAUTION 

Avoid the use of chemical cleaning agents which 
might damage the plastics used in this instrument. 
Avoid chemicals which contain benzene, toluene, 
xylene, acetone or similar solvents. 

The top and bottom coversprovide protection againstdust 
n the interior of the instrument. Operation without the 
covers in place necessitates more frequent cleaning. The 
front cover provides dust protection for the front panel and 
the CRT face. The front cover should be installed for stor- 
age or transportation. The plastic cover supplied with the 
Type 453 provides protection for the outside of the instru- 
ment during transportation or storage. The pocket on the 
side also provides a convenient place to cany this instruc- 
tion manual. 






Air Filter. The air filter should be visually checked every 
few weeks and cleaned or replaced if dirty. More frequent 
inspections are required under severe operating conditions 
The following procedure is suggested for cleaning the filter. 



1. Remove the filter by pulling it out of the retaining 
frame on the rear panel. Be careful not to drop any of the 
accumulated dirt into the instrument. 

2. Flush the loose dirt from the filter with a stream of hot 
water. 

3. Place the filter in a solution of mild detergent and hot 
water and let it soak for several minutes 

4. Squeeze the filter to wash out any dirt which remains 

5. Rinse the filter in clear water and allow it to dry. 

6. Coat the dry filter with an air-filter adhesive. 



7. Let the adhesive dry thoroughly. 

8. Re-install the filter in the retaining frame. 

Exterior. Loose dust accumulated on the outside of the 
Type 453 can be removed with a soft cloth or small paint 
brush. The paint brush is particularly useful for dislodging 
dirt on and around the front-panel controls Dirt which re- 
ma inscan be removed with a soft cloth dampened in a mild 
detergent and water solution. Abrasive cleaners should not 
be used. 

CRT. Clean the plastic light filter, faceplate protectorand 
the CRT face with a soft, lint-free cloth dampened with de- 
natured alcohol. The CRT mesh filter can be cieaned in the 
following manner. 

1. Flold the filter in a vertical position and brush lightly 
with a soft #7 water-color brush to remove light coatings of 
dust or lint. 

2. Greasy residues or dried-on dirt can be removed with 
a solution of warm water and a neutral-pFI liquid deter- 
gent. Use the brush to lightly scrub the filter. 

3. Rinse the filter thoroughly in clean water and allow to 
air dry. 

4. If any lint or dirt remains, use clean low-pressure air 
to remove. Do not use tweezers or other hard cleaning tools 
on the filter, as the special finish may be damaged. 

5. When not in use, store the mesh filter in a lint-free, 
dust-proof container such as a plastic bag. 
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Interior. Dust In the Interior of the Instrument should be 
removed occasionally due to Its electrical conductivity under 
high-humldlty conditions. The best way to clean the Interior 
It to blow off the accumulated dust with dry, low-velocity 
air. Remove any dirt which remains with a soft paint brush 
or a cloth dompened with a mild detergent and water solu- 
tion. A cotton-tipped applicator Is useful for cleaning in 
narrow spaces or for cleaning ceramic terminal strips and 
circuit boards. 

The high-voltage circuits, particularly parts located in 
the high-voltage compartment and the area surrounding the 
post-deflection anode connector, should receive special 
attention. Excessive dirt In these areas may cause high- 
voltage arcing and result in Improper Instrument operation. 

Lubrication 

Generai. The reliability of potentiometers, rotary switches 
and other moving parts can be maintained If they are kept 
properly lubricated. Use a cleaning-type lubricant (e.g., 
Tektronix Part No. 006-0218-00) on switch contacts. Lubri- 
cate switch detents with a heavier grease (e.g., Tektronix 
Part No. 006-0219-00). Potentiometers which are not per- 
manently sealed should be lubricated with a lubricant which 
does not affect electrical characteristics (e.g., Tektronix Part 
No. 006-0220-00). The pot lubricant can also be used on 
shaft bushings. Do not over-lubrlcate. A lubrication kit con- 
taining the necessary lubricants and instructions is available 
from Tektronix, Inc. Order Tektronix Part No. 003-0342-00. 

Fan. The fan-motor bearings are sealed and do not re- 
quire lubrication. 

Visuai Inspection 

The Type 453 should be Inspected ossasionally for such 
defects as broken connections, broken or damaged ceramic 
strips. Improperly seated transistors, damaged circuit boards 
and heat-damaged parts. 

The corrective precedure for most visible defects Is obvi- 
ous; however, particular care must be taken if heat-damaged 
components are found. Overheating usually Indicates other 
trouble In the instrument; therefore, it Is important that the 
cause of over-heating be corrected to prevent recurrence of 
the damage. 

Transistor Checks 

Periodic checks of the transistors In the Type 453 are not 
recommended. The best check of transistor performance Is 
its actual operation in the instrument. More details on check- 
ing transistor operation Is given under Troubleshooting. 

Recai i brati on 

To assure accurate measurements, check the calibration of 
this Instrument after each 1000 hours of operation or every 
six months If used Infrequently. In addition, replacement of 
components may necessitate recallbratlon of the affected 
circuits. Complete calibration tnstmctlons are given In the 
Calibration section. 

The calibration procedure can also be helpful In localiz- 
ing cerain troubles In the Instrument. In some cases, minor 



troubles may be revealed and/or corrected by recallbra- 
tion. 

TROUBLESHOOTI NG 

I ntroduction 

The following Information Is provided to facilitate trouble- 
shooting of the Type 453. Information contained In other 
sections of this manual should be used along with the fol- 
lowing Information to aid tn locating the defective compon- 
ent. An understanding of the circuit operation Is very help- 
ful In locating troubles. See the Circuit Description section 
for complete information. 

Troubieshooti ng Aids 

Diagrams. Circuit diagrams are given on foldout pages 
in i Section 9.1 The component number and electrical value of 
each component In this Instrument are shown on the dia- 
grams. Each main circuit Is assigned a series of component 
numbers i Table 4- 11 lists the main circuits In the Type 453 and 
the series of component numbers assigned to each. Import- 
ant voltages and waveforms are also shown on the diagrams. 
The portions of the circuit mounted on circuit boards are 
enclosed with a blue line. 

TABLE 4-1 



Component Numbers 



Component 
Numbers on 
Diagrams 


Diagram 

Number 


Circuit 


1-99 


1 


Channei 1 Vertical Preamp 


100-199 


3 


Channel 2 Vertical Preamp 


200-299 


5 


Vertical Switching 


300-399 


6 


Vertical Output Amplifier 


400-429 


7 


Trigger Preamp 


430-499 


8 


A Trigger Generator 


500-599 


9 


A Sweep Generator 


600-699 


10 


8 Trigger Generator 


700-799 


11 


8 Sweep Generator 


800-899 


13 


Horizontal Amplifier 


900-999 


16 


CRT Circuit 


1000-1099 


15 


Z Axis Amplifier 


1100-1199 


17 


Power Supply and Distribution 


1250-1299 


18 


Calibrator 



Switch Wafer Identification. Switch wafers shown on 
the diagrams are coded to Indicate the position of the wafer 
m the complete switch assembly. The numbered portion of 
the code refers to the wafer number counting from the front, 
or mounting end of the switch, toward the rear. The letters 
F and R Indicate whether the front or rear of the wafer per- 
forms the particular switching function. For example, a wafer 
designated 2R Indicates that the rear of the second wafer 
from the front Is used for this particular switching function. 

Circuit Boards ! Fip. 4-B through 4-14 show the circuit 
boards used In the Type 4.5,3. 1 Fip. 4-.5I shows the location 
of each board within the Instrument. Each electrical com- 
ponent on the boards is Identified by Its circuit number. 
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The circuit boards are a iso outiined on the diagrams with a 
biue iine. These pictures used aiong with the diagrams, aid 
in beating the components mounted on the circuit boards 

Wiring Coior-Code. Aii insuiated wire and cabie used 
in the Type 453 is coior-coded to faciiitate circuit tracing. 
Signai carrying ieadsare identified with one or two coiored 
stripes Voitage suppiy ieadsare identified with three stripes 
to indicate the approximate voitage using the EIA resistor 
coiorcode. A white background coior indicates a positive 
voitage and a tan background indicatesa negative voitage. 
The widest coior stripe identifies the first coior of the code. 

I Table 4-'2~b ives the wiring coior-code for the power-suppiy 
voitages used in the Type 453. 

TABLE 4-2 



Power Suppiy Wiring Coior Code 



Supply 


Back- 

ground 

Color 


First 

Stripe 


Second 

Stripe 


Third 

Stripe 


-12 volt 


Ton 


Brown 


Red 


Block 


+ 12 volt 


White 


Brown 


Red 


Block 


+75 volt 


White 


Violet 


Green 


Block 


+ 150 volt 


White 


Brown 


Green 


Brown 
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Resistor Coior-Code. In addition to the brown com- 
position resistors, some metai-fiim resistors and some wire- 
wound resistors are used in the Type 453. The resistance 
vaiues of wire-wound resistors are printed on the body of 
the component. The resistance vaiues of composition resis- 
torsand metai-fiim resistorsare coior-coded on the compon- 
ents with EIA color-code (some metai-fiim resistors may have 
the value printed on the body). The color-code is read start- 
ing with the stripe nearest the end of the resistor. Com- 
position resistors have four stripes which consist of two signi- 
ficant figures, a multiplier and a tolerance value l(see Fig] 
4-1). Metai-fiim resistors have five stripes consisting of three 
significant figures, a multiplier and a tolerance value. 

Capacitor Marking. The capacitance values of common 
disc capacitors and small elec ro lytic s are marked in micro- 
farads on the side of the component body. The white ceramic 
capacitors used in the Type 453 are color coded in picofarads 
using modified EIA code (se ^ Fig. Tl ). 

Diode Color Code. The cathode end of each glass-en- 
cased diode is indicated by a stripe, a series of stripes or a 
dot. For most silicon or germanium diodes with a series of 
stripes, the color-code also indicates the type of diode and 
identifies the Tektronix Part Number using the resistor color- 
code system (e.g., a diode color-coded blue-brown-gray- 
green indicates diode type 6185 with Tektronix Part Number 




Retitfor and Capacitor Color Code 



Color 


Signifi- 

cant 

Figures 


Multiplier | Tolerance 


Resis- 

tors 


Capaci- 

tors 


Resis- 

tors 


Capaci- 

tors 


Silver 


... 


10-“ 


— 


±10»/o 


— 


Gold 


... 


10-‘ 


... 


±5®/o 


— 


Block 


0 


1 


1 


— 


±20% or 
2pF* 


Brown 


1 


10 


10 


±1®/. 


±1®/, or 
0.1 pF* 


Red 


2 


10“ 


10“ 


±2»/o 


±2% 


Orange 


3 


10“ 


10“ 


±3»/o 


±3% 


Yellow 


4 


10« 


10* 


±4®/. 


+100% 

-0% 


Green 


5 


10“ 


10“ 


±0.5®4 


±5% or 
0.5 pF* 


Blue 


6 


10® 


10® 


... 


... 


Violet 


7 


... 


... 






Gray 


8 




10“ 




+80% 
-20% 
or 0.25 pF* 


White 


9 


- - - 


10-“ 


— 


±10®/, or 
1 pF* 


(none) 


- “ “ 


- - - 


... 


±20®/, 


±10% or 
1 pF* 



*For capacitance of 1 0 pF or Ion. 



® 



— muINplior; — tolorance; 

— tomporciluro ceefficiont. 



NOTE: and/or color cod# for capacitor* depend* upon 

JJianofactur*r_^and_eagaeltor_lygej_^Jay_jiotJb*_grn^^ 



Fig. 4 - 1 . Color cod* for r**l*tor> and ceramic capacitor*. 
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Fig. 4-2. Electrode configuration for semiconductors in this instrument. 



152-0185-00). The cathode and anode end of metal-encased 
diodescan be identified by the diode symbol marked on the 
body. 

Transistor Lead Configuration. Fig. 4-2 t hows the lead 
configurations of the transistors used in this instrument. This 
view is as seen from the bottom of the transistors. 

Troubleshooting Equipment 

The following equipment is useful fortroubleshooting the 
Type 453. 

1. Transistor Tester 

Description: Tektronix Type 575 Transistor-Curve Tracer 
orequiva lent. 

Purpose: To test the semiconductors used in this instrument. 

2. Multimeter 

Description: VTVM, 10 megohm input impedance and 0 to 
500 volts range; ohmmeter, 0 to 50 megohms. Accuracy, with- 
in 3%. Test prods must be insulated to prevent accidental 
shorting. 

Purpose: To check voltages and for general troubleshoot- 
ing in this instrument. 



NOTE 

A 20,000 ohms/volt VOM can be used to check 
the voltages in this instrument if allowances are 
made for the circuit loading of the VOM at high- 
impedance points. 

3. Test Oscilloscope 

Description: DC to 20 MHz frequency response. 5 milli- 
volts to 10 volt^division deflection factor. Use a lOX 
probe. 

Purpose: To check waveforms in this instrument. 



Troubleshooting Techniques 

This troubleshooting procedure is arranged in an order 
which checks the simple possibilities before proceeding with 
extensive troubleshooting. The first few checks assure proper 
connection, operation and calibration. If the trouble is not 
located bythese checks, the remaining stepsaid in locating 
the defective component. When the defective component is 
located, it should be replaced following the replacement pro- 
cedures given under Corrective Maintenance. 
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1. Check Control Settings. Incorrect control settings can 
indicate a trouble that does not exist. If there is any question 
about the correct function or operation of any control, see 
the Operating Instructions section of this manual. 

2. Check Associated Equipment. Before proceeding with 
troubleshooting of the Type 453, check that the equipment 
used with this instrument is operating correctly. Check that 
the signal is properly connected and that the interconnecting 
cables are not defective. Also, check the power source. 

3. Visual Check. Visually check the portion of the instru- 
ment in which the trouble is located. Many troubles can be 
located by visual indications such as unsoldered connections, 
broken wires, damaged circuit boards, damaged components, 
etc. 

4. Check Instrument Calibration. Check the calibration 
of this instrument, or the affected circuit if the trouble exists 
in one circuit. The apparent trouble may only be a result of 
misadjustment or may be corrected by calibration. Complete 
calibration instructions are given in the Calibration section 
of this manual. 

5. Isolate Trouble to a Circuit. To isolate trouble to a 
circuit, note the trouble symptom. The ^mpton often identi- 
fies the circuit in which the trouble is located. For example, 
poor focus indicates that the CRT (includes high voltage) 
circuit is probably at fault. When trouble symptoms appear 
in more than one circuit, check affected circuits by taking 
voltage and wavefomr readings. Also check for the conect 
output signals at the side-panel output connectors with a 
test oscilloscope. If the signal is correct, the circuit is work- 
ing correctly up to that point. For example, correct ampli- 
tude and time of the A Gate out wavefomi indicates that 
the A Trigger Generatar and A Sweep Gate circuits are 
operating correctly. 

Incorrect operation of all circuits often indicates trouble in 
the power supply. Check first for correct voltage of the indi- 
vidual supplies Flowever, a defective component elsewhere 
in the instrument can appear as a power-supply trouble 
and may also affect the operation of other circuits [Table | 
4-3 lists the tolerances of the power supplies in this instru- 
ment. [fa power-supply voltage is within the listed tolerance, 
the supply can be assumed to be working correctly. If out- 
side the tolerance, the supply may be misadjusted oroperat- 
ing inconectly. Use the procedure given in the Calibration 
section to adjust the powersupplies 



TABLE 4-3 

Power Supply Tolerance 



Power Supply 


Tolerance 


— 12 volt 


±0.12 volt 


-f12 volt 


12.1 volts, ±0.21 volt' 


+75 volt 


±0.75 volt 


—1950 volt 


±58.5 volts 



‘AdfuttMl for cerrKi output from tho Calibrator circuit; soo Calibra- 
tion proeoduro. 



I Fig. 4-3 l orovides a guide to aid in locating a defective 
circuit. Ibis chart may not include checks for all possible 
defects; use steps 6-8 in such cases Start from the top 
of the chart and perform the given checks on the left side of 



the page until a step is found which is not conect. Further 
checks and/or the circuit in which the trouble is prabably 
located are listed to the right of this step. 

Afterthe defective c ire uit-has been located, proceed with 
steps6through 8to locate the defective component(s). 

6. Check Circuit Board Interconnections. After the 
trouble has been isolated to a particular circuit, check the 
pin connectors on the circuit board for conect connection. 

I Flos. 4-8 I hmuoh 4-16 show the correct connections foreach 
board. 

The pin connectors used in this instmment also provide a 
convenient means of circuit isolation. Far example, a short 
in a power supply can be isolated to the power supply itself 
by disconnecting the pin connectors for that voltage at the 
remaining boards. 

7. Check Voltage and Waveforms. Often the defective 
component can be located by checking forthe correct volt- 
age or waveform in the circuit. Typical voltages and wave- 
fomisare given on the diagrams. 

NOTE 

Voltages and wavefamis given on the diagrams 
are not absolute and may vary slightly between 
instruments To obtain operating conditions similar 
to those used to take these readings, see the first 
diagram page. 

8. Check Individual Components. The following proce- 
dures describe methods of checking individual components 
in the Type 453. Components which are soldered in place 
are best checked by disconnecting one end. This isolatesthe 
measurement from the effects of surrounding circuitry. 

A. TRANSISTORS. The best check of transistor operation 
is actual perfomiance under aperating conditions. If a 
transistor is suspected of being defective, it can best be 
checked by substituting a new component or one which 
has been checked previously. Flowever, be sure that circuit 
conditions are not such that a replacement transistor might 
also be damaged. If substitute transistors are not available, 
use a dynamic tester (such as Tektronix Type 575). Static- 
type testersare not recommended, since they do not check 
operation under simulated operating conditions. 

B. DIODES. A diode can be checked for an open or 
shorted condition by measuring the resistance between 
terminals With an ohmmeter sea le having an internal 
source of between 800 millivolts and 3 volts, the resistance 
should be very high in one direction and very low when the 
leadsare reversed. 

CAUTION 

Do not use an ohmmeter scale that has a high 
internal cument. Fligh cuments may damage the 
diode. Do not measure tunnel diodes with an ohm- 
meten use a dynamic tester (such as a Tektronix 
Type 575 Transistor-Curve Tracer). 

C. RESISTORS. Check the resistors with an ohmmeter. 
Check the Electrical Parts Ust forthe tolerance of the resis- 
tors used in this instrument. Resistors normally do not need 
to be replaced unless the measured value varies widely from 
the specified value. 
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0 



Connect the Type 453 to the correct 


POWER light does not come on 




power source and set POWER switch to 


Check power source, line cord, fuses, thermal cutout, POWER switch 


ON. Allow several minutes warm up 




power transformer and POWER light bulb 



POWER I light on 









Meosure power line voltage 
and check if Voltage Selec- 
tor Assembly on rear panel 
is set to correct voltage 






Check power supplies for tolerance given 
in Table 4-3 


Outside given tolerance 


No 

-e 


Set assembly for correct 
voltage and recheck affect- 
ed power supply (s) 









Within 
given 
tolerance j 



Correct 



Still Incorrect 



Check and/or adjust 
affected supply (s) 



Set verticol and horizontol POSITION 
controls to midrange, TIME/DIV switch 
to 1 ms. A SWEEP MODE switch to AUTO 
TRIG and HORIZ DISPLAY switch to A. i 
Advance the INTENSITY control setting I 



Trace does 
not appear 



Trace 

appears 


Trace 


: i 


Adjust FOCUS control and A5TIG adjust- 
ment for sharp, well-defined trace 


Trace 

focused 

] 




Set MODE switch to CHOP or ALT. Rotate 
CH 1 A 2 POSITION controls 


Both traces 
positionable 





Rotate horizontal POSITION and FINE 
controls 


Troces 

positionable . 




Connect the 1 kHz 
both INPUT connec 
Coupling switches 
switches to .2, Cali 
Check for about f 
tion on each chanr 


CAL connector to 
‘ors. Set the Input 
to DC, VOLTS/DIV 
irotor switch to 1 V. 
ve divisions deflec- 
el 



Press TRACE FINDER button end center 
compressed disploy with CH 1 and CH 
2 POSITION and horizontal POSITION 
controls. Release TRACE FINDER button 



Troce remains within display area 



_Trace does 
not focus 



Check High-Voltage stoges 
(CRT circuit) 



Only one 

channel 

positionable 



Neither 

channel 

e 

positionable 



Check Vertical Preomp cir- 
cuit which is not position- 
able 



Check Vertical Switching and Ver- 
tical Output Ampliffer circuits. If 
correct, check both Vertical Preamp 
circuits 



Traces 

— H 

not positionoble 



Check Horizontal 
Amplifier 



No trace 
or only 
a spot'^ 
appears 



Check sawtooth 
Sweep board 
peak to peak) 


at Pin AA on A 
(akout 10 volts 


1 


Yes 


Check sawtooth at either hori- 
zontal deflection plate (about 
70 volts peak to peak) 




Yes 


Check A unblanking gate at Pin 
1 on A Sweep board (about 
0.2 volts peak to peak) 




Yes 



Check A Sweep 
Generator circuit 



Check Horizontal 
Amplifier circuit 



Check A Output 
Signal Amplifier 
stage 



Check unblanking gate at 
TP1047 on Z Axis board 



Yes 

' 

l^heck CRT circuit | 

^ompressed trace disappears when 
TRACE FINDER button is released 



Check Z Axis 

Amplifier 

circuit 



Check CH 1 and CH 2 
Vertical Preamps, Vertical 
switching and Vertical 
Output Amplifier circuits 



Check if VARIABLE VOLTS/ 
DIV controls ore set to CAL 



Return VARIABLE control to CAL. 
Check for five divisions deflection 



Yes 



Yes 



Only one 
channel 



Both 
channels 
incorrect | 



Check affected Ver- 
tical Preamp circuit 



Set TRIGGER switch to CH 1 ONLY, A 
SOURCE switch to INT, A doUPLING 
switch to AC and adjust the A LEVEL 
control for a stable display 



Stable 
display 
cannot 
be obtained 



Stable 
Display (A 
SWEEP TRIG’D 
light on) 



Set TRIGGER switch to 
Check for stable display 


NORM. 




' 


Yes 




Check 


Channel 


Trigger 


Pickoff 


stoge 


and Trigger Preamp 


circuit 



No 
1 



squarewave at 1 kHz CAL 
nector with test oscilloscope 



I Check Vertical Defl ection system | 



peak 


No 


Check 


con- 




Calibrator 






circuit 



Check A Trigger Generator circuit. 
Normal Trigger Pickoff stage and 
Trigger Preamp circuit 
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Fig. 4-3. Troubleshooting chort for Type 453. 
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D. INDUCTORS. Check for open inductors by checking 
continuity with an ohmmeter. Shorted or partiaiiy shorted 
inductors can usuaiiy be found by checking the waveform 
response when high-frequency signais are passed through 
the circuit. Partiai shorting often reduces high-frequency 
response (roii-off). 

E. CAPACriDRS. A ieaky orshorted capacitorcan best be 
detected by checking resistance with an ohmmeter on the 
highest scaie. Do not exceed the voitage rating of the 
capacitor. The resistance reading shouid be high after 
initiai charge of the capacitor. An open capacitorcan best 
be detected with a capacitance meter or by checking whether 
the capacitor passesAC signais. 

9. Repair and Readjust the Circuit. If any defective 
partsare located, follow the replacement procedures given 
in this section. Be sure to check the performance of any cir- 
cuit that has been repaired or that has had any electrical 
components replaced. 



CORRECTIVE MAINTENANCE 

General 

Corrective maintenance consists of component replacement 
and instrument repair. Special techniques required to replace 
components in this instrument are given here. 



Soldering Techniques 

WARNING 

Disconnect the instrument from the power source 

before soldering. 

Circuit Boards. Use ordinary 60/40 solder and a 35- to 
40-watt pencil type soldering iron on the circuit boards. 
The tip of the iron should be clean and properly tinned for 
best heat transfer to the solder joint. A higher wattage 
soldering iron may separate the wiring from the base 
material. 

The following technique should be used to replace a 
component on a circuit board. Most components can be 
replaced without removing the boards from the instrument. 

1. Grip the component lead with long-nose pliers. Touch 
the soldering iron to the lead at the solder connection. Do 
not lay the iron directly on the board. 

2. When the solder begins to melt, pull the lead out 
gently. This should leave a clean hole in the board. If not, 
the hole can be cleaned by reheating the solder and placing 
a sharp object such as a toothpick into the hole to clean it 
out. A vacuum-type resoldering tool can also be used for 
this purpose. 

3. Bend the leads of the new component to fit the holes 
in the board. If the component is replaced while the board 
is mounted in the instrument, cut the leads so they will just 
protrude through the board. Insert the leads into the holes 
in the board so the component is firmly seated against the 
board (or as positioned originally). If it does not seat prop- 
erly, heat the solder and gently press the component into 
place. 

4. Touch the iron to the connection and apply a small 
amount of solderto make a firm solder joint; do not apply 
too much solder. To protect heat-sensitive components, hold 
the lead between the component body and the solderjoint 
with a pair of long nose pliers or other heat sink 

5. Clip the excess lead that protrudes through the board. 

6. Clean the area around the solder connection with a 
flux-remover solvent. Be careful not to remove information 
printed on the board. 

Ceramic Terminal Strips. Solder used on the ceramic 
tenninal strips should contain about 3% silver. Use a 40- 
to 75-watt soldering iron with a'/s-inch wide wedge-shaped 
tip. Ordinary solder should not be used 
on the ceramic terminal strips. If ordinary 

solder is used repeatedly or if excessive heat is applied, 
the solder-to-cera mic bond may be broken. 

A sample roll of solder containing about 3% silver is 
mounted on the rear subpanel of this instrument. Additional 
solder of the same type should be available locally, or it 
can be procured under FSN 3439-912-8698. 
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Observe the following precautions when soldering to 
ceramic terminal strips 

1. Use a hot iron for a shorT time. Apply only enough 
heat to make the solder flow freely. 

2. Maintain a clean, properly tinned tip. 

3. Avoid putting pressure on the ceramic terminal strip. 

4. Do not attempt to fill the terminal-strip notch with 
solder; use only enough solderto coverthe wiresadequately. 

5. Clean the flux from the tenminal strip with a flux- 
remover solvent. 

Metal Terminals. When soldering metal terminals (e.g., 
switch temiinals potentiometers, etc), ordinary 60/40 solder 
can be used. Use a soldering iron with a 40- to 75-watt 

rating and a Ve-inch wide wedge-shaped tip. 

Observe the following precautions when soldering metal 
terminals: 

1. Apply only enough heat to make the solder flow 
freely. 

2. Apply only enough solderto form a solid connection. 
Excess solder may impair the function of the part. 

3. If a wire extends beyond the solder joint, clip off the 
excess 

4. Clean the flux from the solder joint with a flux-remover 
solvent. 



Component Re placement 

WARNING 

Disconnect the instrument from the power source 

before replacing components. 

Removing the Rear Panel. The rear panel must be 
removed foraccessto the rearsubpanel. This panel can be 
removed by removing the Z Axis ground strap and the four 
screws located near the rear feet. 

Swing-Out Chassis. Some of the controls and connectors 
are mounted on a swing-out chassis on the right side of this 
instmment. To reach the rear of this chassis or the com- 
ponents mounted behind it, first remove the top cover from 
the instmment. Then, loosen the captive securing screw so 
the chassis can swing outward. 

Ceramic Tenminal Strip Replacement. A complete cer- 
amic terminal strip assembly is shown In Fig. 4 -4. Replace- 
ment strips (including studs) and spacers are supplied under 
separate part numbers. However, the old spacers may be 
re-used if they are not damaged. The applicable Tektronix 
Part Numbers for the ceramic strips and spacers used in 
this instmment are given in the Mechanical Parts List. 

To replace a ceramic terminal strip, use the following 
pracedure: 

REMOVAL: 

1. Unsolder all components and connections on the strip. 
To aid ih replacing the strip, it may be advisable to mark 




Fig. 4-4. Troubl«$hooling chart for Type 453. 



each lead or draw a sketch to show location of the com- 
ponents and connections 

2. Pry or pull the damaged strip from the chassis Be 
careful not to damage the chassis. 

3. If the spacers come out with the strip, remove them 
from the stud pins for use on the new strip (spacers should 
be replaced if they are damaged). 

REPLACEMENT: 

1. Place the spacers in the chassis holes 

2. Carefully press the studs of the strip into the spacers 
until they are completely seated. If necessary, use a soft 
mallet and tap lightly, directly over the stud, to seat the 
strip completely. 

3. If the stud extends through the spacers, cut off the 
excess 

4. Replace all components and connections. Observe the 
soldering precautions given under Soldering Techniques in 
this section. 

Circuit Board Replacement. If a circuit board is dam- 
aged beyond repair, eitherthe entire assembly including all 
soldered-on components, or the board only, can be replaced. 
Part numbersare given in the Mechanical Pa its Ust for either 
the completely wired or the unwired board. Most of the 
components mounted or, the circuit boardscan be replaced 
without removing the boards from the instrument. Observe 
the soldering precautions given under Soldering Techniques 
in this section. However, if the bottom side of the board must 
be reached orif the board must be moved to gain access to 
otherareasof the instrument, only the mounting screws need 
to be removed. The interconnecting wires on most of the 
boardsare long enough to allow the board to be moved out 
of the way or turned over without disconnecting the pin 
connectors. 

GENERAL: 

Most of the connections to the circuit boards are made 
with pin connectors However, several connections are 
soldered between the attenuators and Vertical Preamp board. 
See the special removal instructions to remove these as a 
unit. 

Use the following procedure to remove a circuit board. 
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1. Disconnect all pin connectors which come through holes 
in the board. 

2. Remove all screws holding the board to the chassis. 

3. The board may now be lifted for maintenance oraccess 
to areasbeneath the board. 

4. To completely remove the board, disconnect the remain- 
ing pin connectors. 

5. Lift the circuit board out of the instrument. Do not 
force or bend the board. 

6. To replace the board, reverse the order of removal. 
Correct location of the pin connectors is shown ir i Fig. 4-8l 
through 4-16. Replace the pin connectors (carefully so they 
mate correctly with the pins. If forced into place incorrectly 
positioned, the pin connectors may be damaged. 

VERTICAL PREAMP UNIT REMOVAL: 

Use the following procedure to remove the Vertical Pre- 
amp board and the attenuators as a unit. 

1. Remove the screw (mounted with a washer) which holds 
the MODE-TRIGGER switch (rear of board) to the chassis 
The other screw may be left in place. 

2. Remove the screw (with fiber washer) from the center 
of the board. 

3. Unsolder the connections on he MODE TRIGGER switch 
which do not go to the Vertical Preamp board. 

4. Disconnect all pin connectors which lead off of the 
Vertical Preamp board. 

5. Remove the attenuator shield and remove the nuts (four) 
located under this shield at each side of the INPUT con- 
nectors 

6. Remove the VARIABLE, CH 1 and CH 2 VOLT^DIV, 
POSITION, Input Coupling, TRIGGER and MODE knobs 

7. Remove the securing nuts on the VOLTSfDIV switches 
and the STEP ATTEN BAL controls 

8. Remove the three screws at the rear of the board. 

9. Uft up on the rear of the assembly and slide it out 
of the instmment. 

10. The board may now be removed from the Vertical 
Preamp unit as follows: 

a. Disconnect all pin connectors remaining on the 
board. 

b. Unsolder all connections on the rear side of the 
board which connect between the attenuators and the 
board. Observe the soldering precautions given in this 
section. 

c. Remove the remaining screw which! holdsthe MODE- 
TRIGGER switch to the board. 

d. Remove the four screws holding the board to the 
attenuators 

11. To replace the unit, reverse the order of removal. 
Be sure the GAIN and INVERT extensions are positioned 
correctly in the corresponding front-panel holes 

Cathode-Ray Tube Replacement. Use care when han- 
dling a CRT. Protective clothing and safety glasses should 



be worn. Avoid striking it on any object which might cause 
it to crock or implode. When storing a CRT, place it face 
down on a smooth surface with a protective cover or soft 
mat under the faceplate to protect it from scratches 

The CRT shield should also be handled carefully. This 
shield protects the CRT display from distortion due to mag- 
netic interference. If the shield is dropped or stmck sharply, 
it may lose its shielding ability. 

The following procedure outlinesthe removal and replace- 
ment ofthe cathode-ray tube: 

A. REMOVAL: 

1. Remove the top and bottom covers and rear panel as 
described previously. 

2. Remove the light filter or faceplate protector. 

3. Disconnect the CRTanode connector. Ground this lead 
and the anode conection to discharge any stored charge. 

4. Unsolder the trace-rotation leads at the CRT shield. 

5. Unsolder the y-axis rotation leads at the Y Axis Align 
control. 

6. Disconnect the deflection-plate connectors. Be careful 
not to bend the deflection-plate pins. 

7. Remove the CRT socket. 

8. Remove the two nuts (by the graticule lights) which 
hold the front of the CRT shield to the subpanel. 

9. Remove the graticule lights from the studs and position 
them away from the shield. 

10. Loosen the two hex-head screws inside the rearof the 
CRT shield. Remove the shield angle clamps and mounting 
screws 

11. Side the CRT assembly to the rear of the instmment 
until the faceplate clears the mounting studs Then, lift the 
front of the CRT assembly up and slide it out of the instm- 
ment. 

12. Loosen the three screws on the CRT clamp inside the 
CRT shield. Do not remove the screws 

13. Hold the left hand on the CRT faceplate and push 
fonward on the CRT base with the right hand. As the CRT 
starts out of the shield, grasp it firmly with the left hand. 
When the CRT is free of the clamp, slide the shield com- 
pletely off the CRT. Be careful not to bend the neck pins 

B. REPLACEMENT: 

1. Insert the CRT into the shield. Be careful not to bend 
the neck pins. Seat the CRT firmly against the shield. 

2. lighten the bottom clamp screw-inside the CRT shield. 
Recommended tightening torque: 4 to 7 inch-lbs Do not 
tighten the screws on the sides 

3. Place the light mask over the CRT faceplate. 

4. Using a method similar to that for removal (step 11) 
re-insert the CRT assembly into the instmment. Be sure the 
CRT faceplate seats properly in the subpanel. 

5. Tighten the two remaining screws on the inside of the 
CRT shield. 






4-10 



TM 11-6625-1722-15 



6. Replace the shield angle clamps and mounting screws 
on the rear subpanel, lighten the two hex-head screws 
inside the rear of the CRT shield. 

7. Replace the graticule lights and securing nuts. 

8 . Replace the CRT socket 

9 . Reconnect the anode connector. Align the jack on the 
CRT and then plug in the connector and press firmly on the 
insulated cover to snap the plug into place. 

10. Reconnect the trace-rotation and y-axis leads. 

11. Reconnect the deflection-plate connectors. Correct 
location is indicated on the CRT shield. 

12. Adiust the High Voltage, TRACE ROTATION, A5T1G, 
Y-Axis Align and Geometry adjustment. Adjustment proce- 
dure isgiven in the Calibration sectian. Also checkthe basic 
vertical and horizontal gain. 

Transistor Replacement. Transistors should not be re- 
placed unless actually defective. If removed from their 
sockets during routine maintenance, return them to their 
original sockets. Unnecessary replacement of transistors 
may affect the calibration of this instmment. When trans- 
istors are replaced, check the operation of that part of the 
instmment which may be affected. 

CAUTION 

POWER switch must be turned off before removing 

or replacing transistors. 

Replacement transistors should be of the original type 
ora direct replaceme ht. Fig. 4 -2 shows the lead configura- 
tion of the transistors used in this instmment. Some plastic 
case transistors have lead configurations which do not agree 
with those shown here. If a transistor is replaced by a 
transistor which is made by a different manufacturer than 
the original, check the manufacturer's basing diagram for 
correct basing. All transistor sockets in this instmment are 
wired for the basing used for metal-case transistors. Trans- 
istors which have heat radiators or are mounted on the 
chassis use silicone grease to increase heat transfer. Replace 
the silicone grease when replacing these transistors. 

WARNING 

Handle silicone grease with care. Avoid getting 

silicone grease in the mouth or eyes Wash hands 

thoroughly after use. 

Two transistors in both the Channel 1 and Channel 2 Pre- 
amp circuit (Vertical Preamp circuit board) are permanently 
mounted in special temperature compensation blocks These 
transistors (along with the temperature compensation block) 
must be replaced as a unit. When replacing the unit, place 
it so the reference information faces the left side of the 
instmment and the PNP transistor (labeled on side of unit) is 
toward the front of the instmment. 

Fuse Replacement. ! Table 4-4l aives the rating, location, 
and function of the fuses used in this instmment. 

Rotary Switches. Individual wafers or mechanical parts 
of rotary switches are normally not replaceable. If a switch 
is defective, replace the entire assembly. Replacement switch- 



es can be ordered either wired or unwired; refer to the 
Parts Ust forthe applicable part numbers. 

When replacing a switch, tag the leads and switch tenrii- 
nalswith corresponding identification tags as the leads are 
disconnected. Then, use the old switch as a guide for in- 
stalling the new one. An alternative method is to draw a 
sketch of the switch layout and record the wire colorat each 
terminal. When soldering to the new switch be careful that 



TABLE 4-4 
Fuse Ratings 



Circuit 

Number 


Rating 


Location 


Function 


F937 


2A Fast 


Rear subpanel 


High voltage 


FI 101 


2A Fast 


Line Voltage 
Selector assembly 


115-volt line 


FI 102 


lA Fast 


Line Voltage 
Selector assembly 


230-volt line 


FI 172 


0.5A Fast 


By power 
transformer 


-1-75 volts 


FI 204 


0.25A Fast 


By power 
transformer 


-fl50 volts 



the solder does not flow beyond the rivets on the switch 
terminals. Spring tension of the switch contact can be des- 
troyed by excessive solder. 

The swing-out chassis on the right side of the instmment 
provides access to the side of the TIME/DIV and HORIZ 
DISPLAY switches The top and bottom of these switches 
can be reached foreasierrepairorremoval by removing the 
B Sweep board (top) orthe A Sweep board (bottom). 

Power Transformer Replacement. The power transfomrer 
in this instmment is wananted forthe life of the instmment. 
If the power transformer becomes defective, contact your 
local Tektronix Field Office or representative for a warranty 
replacement (see the Warranty note in the front of this man- 
ual). Be sure to replace only with a direct replacement Tek- 
tronix transfomrer. 

When removing the transformer, tag the leads with the 
corresponding terminal numbers to aid in connecting the new 
transformer. After the transfomrer is replaced, check the 
performance of the complete instmment using the Perform- 
ance Check procedure. 

Power Chassis. The power transistors and other heat 
dissipating power-supply components are mounted below the 
Low-Voltage Regulator board. Remove the Low-Voltage 
Regulator board to reach these components. To reach the 
underside of the chassis, remove the fan through the rear 
subpanel. 

High-Voltage Compartment. The components located in 
the high-voltage compartment can be reached forma inten- 
ance orreplacement by using the following procedure. 

1. Remove the bottom cover of the instmment as described 
in this section. 

2. Remove the high-voltage shield. 

3. Remove the three screws which hold the cover on the 
high-voltage compartment. 
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4. To remove the complete wiring assembly from the high- 
voltage compartment, unsolder the post-deflection anode 
lead (heavily insulated lead at side of compartment). The 
other leads are long enough to allow the ossembly to be 
lifted out of the compartment to reach the parts on the 
under side. 

5. To replace the high-voltage compartment, reverse the 
order of removal. 

NOTE 

All solder joints in the high-voltage compartment 
should have smooth surfaces. Any protrusions 
may cause high-voltoge arcing at high altitudes. 



Recalibration After Repair 

After any electrical component has been replaced, the 
calibratian of that particular circuit should be checked, as 



well asthe calibration of otherclosely related circuits. Since 
the low-voltage supply affects all circuits, calibration of 
the entire instrument should be checked if work has been 
done in the low-voltage supply or if the power transformer 
has been replaced. The Perfomiance Check procedure in 
I Section sT orovidesa quickand convenient means of check- 
ing instrument operation. 



Instrument Repackaging 

If the Type 453 is to be shipped for long distances by 
commercial means of transportation, it is recommended that 
the instrument be repackaged in the original manner for 
maximum protection. The original shipping carton can be 
saved and used for this numose f Flo. 4- .51 illustrates how to 
repackage the Type 453 and gives the part numberforthe 
packaging components if new items are needed f Flo. 4-61 
illustrates how to repackage the Type R453 and the appli- 
cable part numbers. 



Complet* carton assembly; Tektronix Part 
No. 065-0076-00. 



Includes: 



1 - Outer box; 004-0679-00 



2 - Case halves 121; 004-0222-00 



3 - Plastic bag;, 006-0342-00 



4 - Accessory box and pad; 004 
0685-00 



Tape two halves of 
case together with 
glass filament tape 




' Raincover 



Instrument placed in plastic bag, 
item 3 (not shown), before pack- 
aging 



Fig. 4-5. Repackaging the Type 453 for shipment. 
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Fig. 4-7. Location of circuit boards in Type 453. 
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Fig. 4-8. Vortical Output Amplifier circuit board. 
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Fig. 4-9. Partial Vertical Preamp circuit board. Vertical Switching and partial Vertical Preamp circuit shown. 
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Plg^ 4'tO. Partial Vartical Praamp circull boaril. Partial Vertical Preamp circuit shown. 

447 






•Wirei connected throui 
hole in board 



'R12SS 



‘O' gy (coo*)* 
‘P’ shield (or '< 



R1366 

R1364 



‘I' shield (or ‘A 



TP505 



Fig. 4-11. Partial A Sweep circuit board. A Sweep Generator and Calibrator circuits shown. 
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Partial A Sw**p circuit board. Trigger Preamp and A Trigger Generator circuitt shown. 
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Fig. 4-13. Partial B Sweep circuit board. Horizontal Amplifier and partial B Sweep Generator circuits shown. 
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SN 20225 



R666 adc 
SN20225 
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ilg. 4>!4. ParHgl B Swaep circuit board. B Trigger Generator and B Sweep Generator circuits shown. 
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Fig. 4-15. Z Axis Amplifier ond High-Voltage Regulator circuit board. 
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SECTION 5 

PERFORMANCE CHECK 



Introduction 

This section of the manual provides a procedure for 
rapidly checking the performance of the Type 453. This 
procedure checks the operation of the instrument without 
removing the covers or making internal adjustments. How- 
ever, screwdriver adjustments which are located on the 
front panel are adjusted in this procedure. 

If the instrument does not meet the performance require- 
ments given in this procedure, internal checks and/or ad- 
justments are required. See the Calibration section of this 
manual. All performance requirements given in this sec- 
tion correspond to those given ir l Section II of this manual. 

NOTE 

All waveforms shown in this section are actual 
waveform photographs taken with a Tektronix 
Oscilloscope Camera System unless noted other- 
wise. Graticule lines have been photographically 
retouched. 



Recommended Equipment 

The following equipment is recommended fora complete 
performance check. Specifications given are the minimum 
necessary to perfomi this procedure. All equipment is 
assumed to be calibrated and operating within the given 
specifications of the recommended equipment. 

Forthe most accurate and convenient performance check, 
special Tektronix calibration fixtures are used in this pro- 
cedure. These special calibration fixtures are available 
from Tektronix, Inc. Order by part number through your 
local Tektronix Field Office or representative. 

1. Time-mark generator. Marker outputs, five seconds to 
10 nanoseconds: marker accuracy, within 0.1%. Tektronix 
Type 184 Time-Mark Generator recommended. 

2. Standard amplitude calibrator. Amplitude accuracy, 
within 0.25%; signal amplitude, five millivolts to 50 volts; 
output signal, one-kilohertz square wave and positive DC 
voltage: must have mixed display feature. Tektronix cali- 
bration fixture 067-0502-00. 

3. Square-wave generator. Frequency, one and 100 kilo- 
hertz: risetime, 12 nanoseconds or less from high-amplitude 
output and one nanosecond or less from fast-rise output; 
output amplitude, about 120 volts unterminated or 12 volts 
into 50 ohms from high-amplitude output-50 to 500 milli- 
volts from fast-rise output. Tektronix Type 106 Square-Wave 

Generator recommended. 

4. Constant-amplitude sine-wave generator. Frequency, 
350 kilohertz to above 50 megahertz; reference frequency, 
50 kilohertz: output amplitude, variable from five millivolts 



&. 



to five volts into 50 ohms or 10 volts maximum unterminated; 
amplitude accuracy, within 3% at 50 kilohertz and from 350 
kilohertz to above 50 megahertz. Tektronix Type 191 Con- 
stant Amplitude Signal Generator recommended. 

5. Low-frequency sine-wave generator. Frequency 60 hertz 
to one megahertz: output amplitude, variable from 0.5 volts 
to 40 volts peak to peak; amplitude accuracy, within 3% 
from 60 hertz to one megahertz. For example. General 
Radio 1310-A Oscillator (use a General Radio Type 2740BJ 
Adaptor to provide BNC output). 

6. lOX probe with BNC connector. Tektronix P6010 
Probe recommended. 

7. Test oscilloscope. Bandwidth, DC to 50 megahertz; 
minimum deflection factor, five millivolt^division; accuracy, 
within 3% Tektronix Type 453 Oscilloscope recommended. 

8. Current-measuring probe with passive termination. Sen- 
sitivity, two milliampere^millivolt; accuracy, within 3%. Tek- 
tronix P6019 Cunent Probe with 011-0078-00 passive termina- 
tion recommended. 

9. Cable (two). Impedance, 50 ohms; type, RG-58/U; 
length, 42 inches; connectors, BNC. Tektronix Part No. 
012-0057-01. 

10. BNC T connector. Tektronix Part No. 103-0030-00. 

11. Cable. Impedance, 50 ohms; type, RG-58/U; length, 
18 inches; connectors, BNC. Tektronix Part No. 012-0076-00. 

12. Cable. Impedance, 50 ohms; type, RG-213/U; elec- 
trical length, five nanoseconds: connectors, GR874. Tek- 
tronix Part No. 017-0502-00. 

13. In-line temnination. Impedance, 50 ohms; wattage 
rating, two watts; accuracy, ±3%; connectors, GR874 in- 
put with BNC male output. Tektronix Part No. 017-0083-00. 

14. Input RC nomnalizer. lime constant, 1 megohm X 20 
pF; attenuation, 2X; connectors, BNC. Tektronix calibration 
fixture 067-0538-00. 

15. 5X attenuator. Impedance, 50 ohms; accuracy, ±3% 
connectors, GR874. Tektronix Part No. 017-0079-00. 

16. Dual-input coupler. Matched signal transfer to each 
input. Tektronix calibration fixture 067-0525-00. 

17. Adapter. Adapts GR874 connector to BNC female 
connector. Tektronix Part No. 017-0064-00. 

18. Termination. Impedance, 50 ohms; accuracy, ±3% 
connectors, BNC. Tektronix Part No. 011-0049-00. 

19. Adapter. Connectors, BNC female and two alligator 
clips Tektronix Part No. 013-0076-00. 

20. Screwdriver. Three-inch shaft, Vsj-inch bit for slotted 
screws Tektronix Part No. 003-0192-00. 
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PERFORMANCE CHECK PROCEDURE 
General 

In the following procedure, control settings or test equip- 
ment connections should not be changed except as noted. 
If only a partial check is desired, refer to the preceding 
step(s). for setup information. Type 453 front-panel control 
titles referred to in this procedure are capitalized (e.g., 
VOLWDIV). 

The following procedure uses the equipment listed under 
Recommended Equipment. If equipment is substituted, con- 
trol settings or setup may need to be altered to meet the 
requirements of the equipment used. 

Preliminary Procedure 

1 . Connect the Type 453 to a powersource which meets 
the voltage and frequency requirements of this instrument. 

2. Set the Type 453 controls as follows: 

CRT controls 

INTENSITY Counterclockwise 

FOCUS Midrange 

SCALE ILLUM As desired 

Vertical controls (both channels if applicable) 



VOLTS/DIV 


20 mV 


VARIABLE 


CAL 


POSITION 


Midrange 


Input Coupling 


DC 


MODE 


CH 1 


TRIGGER 


NORM 


INVERT 


Pushed in 


Triggering controls (both A 


and B if applicable) 


LEVEL 


0 


SLOPE 


-F 


COUPLING 


AC 


SOURCE 


INT 


Sweep controls 


DELAY-TIME MULTPLIER 


Fully counterclockwise 


A and B TIME/DIV 


1 ms 


A VARIABLE 


CAL 


A SWEEP MODE 


AUTO TRIG 


B SWEEP MODE 


TRIGG ERA BLE AFTER 
DELAY TIME 


HORIZ DISPLAY 


A 


MAG 


OFF 


A SWEEP LENGTH 


FULL 


POSITION 


Midrange 


POWER 


off 



Side-panel controls 

B TIME/DIV VARIABLE CAL 

CAUBRATDR IV 

3. Set the POWER switch to ON. Allow at least 20 min- 
utes warm up before proceeding. 



1. Check Trace Alignment 

REOUIREMENT-Trace parallel to horizontal graticule 
lines. 

a. Advance the INTENSrY control until the trace is visi- 
ble. 

b. Turn the Channel 1 POSmON control to move the 
trace to the center horizontal line. 

c. Adiust the FOCUS control for as sharp a display as 
possible. 

d. CHECK-The trace should be parallel with the center 
horizontal line. 

e. If necessary, adiust the TRACE ROTATION adjustment 
(on side panel) so the trace is parallel to the horizontal 
graticule lines. 



2. Check Astigmatism 

REQUIREM ENT-Sharp, well-defined display. 

a. Connect the time-mark generator (Type 184) to the 
Channel 1 INPUT connector with the 42-inch BNC cable. 

b. Set the time-mark generator for output markers of 1 
and 0.1 millisecond. 

c. Set the CH 1 VOLTS^DIV switch so the large markers 
extend beyond the bottom and top of the graticule area. 

d. Set the A LEVEL control for a stable display. 

e. CHECK-Markers should be well defined with optimum 
setting of FOCUS control. 

f. If necessary, adjust the FOCUS control and ASTIG 
adjustment (on side panel) for best definition of markers. 



3. Check Y Axis Alignment and Geometry 

REOUIREMENT-Y axis alignment, markers parallel to 
center vertical line within 0.1 division; geometry, bowing 
or tilt of markers at left and right extremes of display 0.1 
division or less 

a. Set the horizontal POSITION control to move a large 
marker to the center vertical line. 

b. CHECK-Markers parallel to the center vertical line 
within 0.1 division (see l Fig. 

c. Set the horizontal POSITION and A VARIABLE con- 
trols so a large marker coincides with each vertical grati- 
cule line. 

d. CHECK-Bowing and tilt of markers over entire dis- 
play area 0.1 division or less (see l Fig. 5-1 ). 

e. Disconnect all test equipment. 
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Y-Axit AlignmanI — morkart parallal to canlar varllcol llna. 
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Oaematry— chack bowing at loft and right adga> of graticula 



Fig. 5 - 1 . Typical CRT display showing good gaomatry and Y>axls 
alignmant. 



4. Check Channel 1 and 2 Step Attenuator 
Balance 

REQUIREMENT-NO trace shift as the V0LT5/DIV switch 
is changed between 20mV and 5mV. 

o. Position the trace to the center horizontal line with 
the Channel 1 POSITION control. 

b. Change the following control settings: 

CH 1 VOLTS/DIV 20 mV 

Input Coupling (CH 1 GND 

and 2) 

c. CHECK-Change the CH 1 VOLWDIV switch from 
20 mV to 5 mV. Trace should not move vertically. 

NOTE 

Use the TRACE FINDER switch to locate the trace 
if it is deflected off screen when switching to 
10 or 5mV. 

d. If there is trace shift, adjust the Channel 1 STEP ATIEN 
BAL adjustment (on front panel) for no trace shift as the 
CH 1 VOLT^DIV switch is changed from 20 mV to 5 mV. 

e. Set the MODE switch to CH 2. 

f. Position the trace to the center horizontal line with 
the Channel 2 POSmON control. 

g. CHECK-Change the CH 2 VOLTS/DIV switch from 
20 mV to 5 mV. Trace should not move vertically. 

h. If there is trace shift, adjust the Channel 2 STEP ATTEN 
BAL adjustment (on front panel] for no trace shift as the 
CH 2 VOLTS/DIV switch is changed from 20 mV to 5 mV. 



5. Check Channel 1 and 2 Position Center 

REOUIREMENT-Trace positioned beyond graticule limits 
at both extremes of POSITION control rotation. 



a. Set the Channel 1 and 2 VARIABLE controls for mini- 
mum gain (fully counterclockwise). 

b. Set the CH 1 and CH 2 VOLT^DIV switches to .1. 

c. CHECK-Tum the Channel 2 POSITION control to each 
extreme of rotation; trace should be positioned beyond the 
graticule limits at each extreme of rotation. 

d. Set the MODE switch to CH 1. 

e. CHECK-Turn the Channel 1 POSITION control to 
each extreme of rotation; trace should be positioned beyond 
the graticule limits at each extreme of rotation. 



6. Check Channel 1 and 2 Gain 

REOUIREMENT-Conoct vertical deflection in the 20 mV 
position of the CH 1 and CH 2 VOLTS/DIV switches. 

a. Change the following control settings: 

VOLT^DIV (CH 1 and 2) 20 mV 

VARIABLE (CH 1 and 2) CAL 

POSITION (CH 1 & CH 2) Midrange 
Input Coupling (CH 1 DC 

and 2) 

A and B TIME/DIV .5 ms 

b. Connect the standard amplitude calibrator (067-0502-00) 
output connectorto the Channel 1 and 2 INPUT connectors 
through a BNC T connector and two BNC cables. 

c. Set the standard amplitude calibrator for a 0.1-volt 
square-wave output. 

d. CHECK-CRT display for five divisions of deflection 
(se ^ Flo. 5^ ). 




Fig. 5 - 2 . Typical CRT display showing cerroct vortical gain. 

e. If necessary, adjust the Channel 1 GAIN adjustment 
(on front panel) for exactly five divisions of deflection. 

f. Set the MODE switch to ADD. 

g. Pull the INVERT switch. 

h. Center the display with the Channel 2 POSITION 
control. 

i. CHECK-CRT display for straight line. 
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i. If necessary, adjust the Channel 2 GAIN adjustment 
(on front panel) forstraight line. 

7. Check Added Mode Operation 

REQUIREMENT-Con^ct signal addition, 

a. Push the INVERT switch in. 



a. Set the standard amplitude calibrator for a 0.1-volt 
square-wave output. 

b. Change the following central settings: 

VOLTS/DIV (CH 1 and 2) 20 mV 

Input Coupling (CHI 
and 2) AC 

MODE CHI 



b. Set the standard amplitude calibrator far a 50-milli- 
volt square-wave autput. 

c. CHECK-CRT display five divisions in amplitude, 



8. Check Channel 1 and 2 Deflection 
Accuracy 

REQUIREM ENT-Vertical deflection factor within 3% of 
CH land CH2 VOLTS^DIV switch indication. 

a. Set the MODE switch to CH 1. 

b. Set the Channel 1 Input Coupling switch to GND. 

c. CHECK-Using the CH 1 VOLWDIV switch and stand- 
ard amplitude calibrator settings given ir i Table ?t 1 check 
vertical deflection factor within 3% in each position of the 
CH 1 VOLWDIV switch. 

d. Set the MODE switch to CH 2. 

e. Set the Channel 1 Input Coupling switch to GND and 
the Channel 2 Input Coupling switch to DC. 

f. CHECK-Using the CH 2 VOLTS^DIV switch and stand- 
ard amplitude calibrator settings given in i Table .5-11 check 
the vertical deflection factar within 3% in each position of 
the CH 2 VOLWDIV switch. 



c. CHECK-Tum the Channel 1 VARIABLE control fully 
counterclockwise (minimum gain). Display should be re- 
duced to two divisions or less (indicates adequate range for 
continuously variable deflection factors between the cal- 
ibrated steps: se e l-ia. 5^3 ): Channel 1 UNCAL light must be 
on when the Channel 1 VARIABLE control is not in CAL 
position. 




Fig. 5 - 3 . Typical CRT display showing correct Channel 1 and 2 
VARIABLE control range (double exposure) 



TABLE 5-1 



Vertical Deflection Accuracy 



VOLTS/DIV 

Switch 

Setting 


Standard 

Amplitude 

Calibrator 

Output 


Vertical 

Deflection 

In 

Divisions 


Maximum 
Error For 
± 3 % Accuracy 
( divisions ) 


5 


mV 


20 millivolts 


4 


±0.12 


10 


mV 


50 millivolts 


5 


±0,15 


20 


mV 


0.1 volt 


5 


Previously set 
in step 6 


50 


mV 


0.2 volt 


4 


±0.12 


.1 


0.5 volt 


5 


±0.15 


.2 


1 volt 


5 


±0.15 


.5 


2 volts 


4 


±0.12 


1 


5 volts 


5 


±0,15 


2 


10 volts 


5 


±0,15 


5 


20 volts 


4 


±0.12 


10 


50 volts 


5 


±0.15 



9. Check Channel 1 and 2 Variable Volts/ 
Division Range 



d. Set the MODE switch to CH 2. 

e. CHECK-Tum the Channel 2 VARIABLE control fully 
counterclockwise (minimum gain). Display should be reduced 
to two divisions or less (indicates adequate range for con- 
tinuously variable deflection factors between the calibrated 
steps: se e hio. 5^ ). Channel 2 UNCAL light must be on when 
Channel 2 VARIABLE control is not in CAL position. 

f. Disconnect the cable from the Channel 2 INPUT con- 
nector. 



10. Check Channel 1 and 2 Cascaded 
Deflection Factor 

REQUIREM ENT-One millivolt/division or less. 

a. Cannect the CH 1 OUT connector to the Channel 2 
INPUT connector with the 18-inch 50-ohm BNC cable. 

b. Change the following control settings: 

VOLTS/DIV (CH 1 and 2) 5 mV 

VARIABLE (CH 1 and 2) CAL 
Input Coupling (CH 1 DC 

and 2) 



REQUIREM ENT-Continuously variable deflection factor 
between the calibrated steps 



c. Set the standard amplitude calibrator for a five-milli- 
volt square-wave output. 
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d. CHECK-CRT display five divisions or greater in ampli- 
tude (one millivolt/division, or less, minimum deflection fac- 
tor). 



11. Check Channel 1 and 2 Input Coupling 
Switch Operation 

REQUIREM ENT-Correct signal coupling in each position 
of the Channel 1 and 2 Input Coupling switches. 

a. Set the CH 1 and CH 2 VOLWDIV switches to 20mV. 

b. Disconnect the 18-inch BNC cable and reconnect the 
standard amplitude calibrator to the Channel 2 INPUT con- 
nector. 

c. Set the standard amplitude calibrator for a 50-millivolt 
square-wave output. 

d. Position the display with the Channel 2 POSmON con- 
trol so the bottom of the square-wave is at the center hori- 
zontal line. 

e. Set the Channel 2 Input Coupling switch to GND. 

f. CHECK-CRT display for straight line near the center 
horizontal line. 

g. Set the Channel 2 Input Coupling switch to AC. 

h. CHECK-CRT display centered about center horizontal 
line. 

i. Set the MODE switch to CH 1. 

j. Position the display with the Channel 1 POSmON con- 
trol so the bottom of the square wave is at the center hori- 
zontal line. 

k. Set the Channel 1 Input Coupling switch to GND. 

l. CHECK-CRT display for straight line near the center 
horizontal line. 

m. Set the Channel 1 Input Coupling switch to AC. 

n. CHECK-CRT display centered about center horizontal 
line. 



12. Check Low-Frequency Vertical Linearity 

REQ UIREM ENT-0.15 division, or less, compression or 
expansion of a two-division signal (at center screen) when 
positioned to the vertical extremes of the graticule area. 

a. Set the Channel 1 and 2 Input Coupling switches to DC. 

b. Position the display to the center of the graticule with 
the Channel 1 POSmON control. 

c. Adiust the Channel 1 VARIABLE control far exactly two 
divisions of deflection. 

d. Position the top of the display to the top horizontal 
line. 

e. C HECK-Com pression or expansion 0.15 division or 
less (se d Flo. 5-14 ). 

f. Position the bottom of the display to the bottom hori- 
zontal line. 
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Fig. 5 - 4 . Typical CRT display showing accoplabis comprossion and 
expansion. (A) Expansion, (B) correct deflection at center of 
graticule, (Cl compression. 



g. CHECK-Compression or expansion 0.15 divisions or 
less (se d Flo. ^ ). 

h. Set the MODE switch to CH 2. 

i. Position the display to the center of the graticule with 
the Channel 2 POSmON control. 

j. Adiust the Channel 2 VARIABLE control for exactly two 
divisions of deflection. 

k. Position the top of the display to the top horizontal 
line. 

l. CHECK-Compression or expansion 0.15 division or 
less (sed Fig. 5-4L 

m. Position the bottom of the display to the bottom hori- 
zontal line. 
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n. CHECK-Compression or expansion 0.15 division or 
iess (se d Fig. 5-4 ). 

0 . Disconnect aii test equipment. 

13. Check Trace Shift Due to Input Gate 
Current 

REQUIREMENT-Negiigibie trace shift at 5 mV/DIV. 

a. Change the foiiowing controi settings: 

VOLTS^DIV (CH 1 and 2) 5 mV 

VARIABLE (CH 1 and 2) CAL 
Input Coupling (CH 1 GND 

and 2) 

b. Position the trace to the center horizontal line with the 
Channel 2 POSITION control. 

c. CHECK-Set the Channel 2 Input Coupling switch to 
DC. Trace shift should be negligible. 

d. Set the MODE switch to CH 1. 

e. Position the trace to the center horizontal line with the 
Channel 1 POSTTION control. 

f. CHECK-Set the Channel 1 Input Coupling switch to 
DC. Trace shift should be negligible. 



14. Check Alternate Operation 

REOUIREMENT-Trace alternation at all sweep rates. 

a. Set the MODE switch to ALT. 

b. Position the traces about two divisions apart. 

c. Turn the A HME/DIV switch throughout its range. 

d. CHECK-Trace alternation between Channel 1 and 
2 at all sweep rates At faster sweep rates, alternation will 
not be apparent: instead display appears as two traces on 
the screen. 




15. Check Channel 1 Volts/DI vision Switch 
Compensation 

REOUIREM ENT-370 or less overshoot, rounding or tilt 
in all positions of the CH 1 VOLTS^DIV switch. 

a. Change the following control settings: 

VOL.T5/DIV (CH 1 and 2) 20 mV 

MODE CHI 

A and B TIME/DIV .2 ms 

b. Connect the square-wave generator (Type 106) high- 
amplitude output connector to the Channel 1 INPtJT con- 
nector through the five-nanosecond GR cable, 50-ohm in- 
line termination and 20 pF input RC normalizer, in given 
order. 

c. Set the square-wave generator for four divisions of 
one-kilohertz signal. 

d. CHECK-CRT display at each CH 1 VOLT^DIV switch 
position for 3% or less overshoot, rolloff or tilt (se d Fig. ^ ). 
Adjust the square-wave generator output amplitude as 



Fig. 5 - 5 . (A) Typical CRT display showing correct compensation, 
IBI and (C) incorrect compensation. 

needed to maintain a four-division display (except in 2, 
5 and 10 positions where display will be less than four 
divisions). 



16. Check Channel 2 Volts/Division Switch 
Compensation 

REQ UIREM ENT-3% or less overshoot, rounding or tilt 
in all positions of the CH 2 VOLT^DIV switch, 

a. Set the MODE switch to CH 2. 

b. Connect the square-wave generator high-amplitude 
output connectorto the Channel 2 INPUT connectorthrough 
the five-nanosecond GR cable, 50-ohm in-line termination 
and 20 pF input RC normalizer, in given order. 

c. Set the square-wave generator for four divisions of 
one-kilohertz signal. 
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d. CHECK-CRT display at each CH 2 VOLT^DIV switch 
position for 3% or less overshoot, rolloff or tilt (se ^ Fig. 3^ ). 
Adjust the square-wave generatar output amplitude as 
needed to maintain a four-division display (except in 2, 5 
and 10 positions where display will be less than four divi- 
sions). 



k. Set the MODE switch to CH 2. 

l. Disconnect the 50-ohm in-line temiination from the 
Channel 1 INPUT connector and connect it to the Chan- 
nel 2 INPUT connector. 

m. Set the CH 2 VOLWDIV switch to 5 mV. 



e. Disconnect all test equipment. 



17. Check High-Frequency Compensation 

REQUIREM ENT-Optimum square-wave response at high 
frequencies 

a. Change the following control settings: 



CH 1 VOLTS/DIV 


20 mV 


MODE 


CH 1 


A and B TIME/DIV 


0.2 ixs 


MAG 


XIO 



b. Connect the square-wave generator fast-rise -I- output 
to the Channel 1 INPUT connector through the five-nanosec- 
ond GR cable, 5X GR attenuator and the 50-ohm in-line 
termination, in given order. 

c. Set the square-wave generator for fast-rise operation 
and a four-division display at 100 kilohertz. 

d. CHECK-CRT display for optimum square-wave re- 
sponse (see l Fig. 5^ ). 

e. Set the CH 1 VOLIS/DIV switch to 10 mV. 

f. Set the square-wave generator output amplitude for 
four-division display. 

g. CHECK-CRT display for optimum square-wave re- 
sponse (se ^ Flo. 5^ ). 

h. Set the CH 2 VOLTS/DIV switch to 5 mV. 

i. Set the square-wave generator output amplitude for 
four-division display. 

j. CHECK-CRT display for optimum square-wave re- 
sponse f se tt Fig. .5-a i. 
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Fig. 5 - 6 . Typical CRT display showing corroct high-froquency com- 
insalien. 



n. CHECK-CRT display for optimum square-wave re- 
sponse (se d Fig. 5-t ). 

0 . Set the CH 2 VOLTS/DIV switch to 10 mV. 

p. Set the square-wave generator output amplitude for 
a four-division display. 

q. CHECK-CRT display for optimum square-wave re- 
sponse (se d Fig. ?1 ). 

r. Set the CH 2 VOLWDIV switch to 20 mV. 

s. Set the square-wave generator output amplitude for 
a four-division display. 

t. CHECK-CRT display for optimum square-wave re- 
sponse (se tt Fig. .5-6) 1 

u. Disconnect all test equipment. 



18. Check Upper Vertical Bandwidth Limit of 
Channels 1 and 2 

REQUIREMENT-20 mV, not more than -3 dB at 50 meg- 
ahertz: 10 mV, not more than -3 dB at 45 megahertz; 5 mV, 
not more than -3 dB at 40 megahertz. 

a. Change the following control settings: 



CH 1 VOLTS/DIV 


20 mV 


MODE 


CH 1 


A and B TME/DIV 


20 fi$ 


MAG 


OFF 



b. Connect the constant-amplitude sine-wave generator 
(Type 191) to the Channel 1 INPUT connector through the 
five-nanosecond GR cable, 5X GR attenuator and the 50- 
ohm in-line termination. 

c. Set the constant-amplitude generator for a four-division 
display at its reference frequency (50 kHz). 

d. Without changing the output amplitude, increase the 
output frequency of the generator until the display is re- 
duced to 2.8 divisions (-3 dB point; se ^ Fig. 5-F T 

e. CHECK-Output frequency of generator must be 50 

megahertz or higher. Actual frequency, megahertz. 

f. Set the CH 1 VOLIS/DIV switch to 10 mV. 

g. Set the constant-amplitude generator for a four-divi- 
sion display at its reference frequency (50 kHz). 

h. Without changing the output amplitude, increase the 
output frequency of the generator until the display is re- 
duced to 2.8 divisions (-3 dB point). 

i. CHECK-Output frequency of generator must be 45 

megahertz or higher. Actual frequency, megahertz. 

j. Set the CH 1 VOLIS/DIV switch to 5 mV. 

k. Set the constant-amplitude generator for a four-divi- 
sion display at its reference frequency (50 kHz). 
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Fig. 5 - 7 . Typicai CRT display when checking vertical frequency 
response (simulated waveform) 



l. Without changing the output ampiitude, increase the 
output frequency of the generator untii the dispiay is re- 
duced to 2.8 divisions (-3 dB point). 

m. CHECK-Output frequency of generator must be 40 
megahertz or higher, Actuai frequency, megahertz. 

n. Set the MODE switch to CH 2. 

o. Disconnect the output of the in-iine termination from 
the Channei 1 INPUT connectorand connect it to the Chan- 
nei 2 INPUT connector. 

p. Set the constant amplitude generator for a four-divi- 
sion display at its reference frequency (50 kHz). 

q. Without changing the output amplitude, increase the 
output frequency of the generator until the deflection is 
reduced to 2.8 divisions (-3 dB point). 

r. CHECK-Output frequency of generator must be 50 
megahertz or higher. Actual frequency, megahertz. 

s Set the CH 2 VOLTS/DIV switch to 10 mV. 

t. Set the constant-amplitude generator far a four-divi- 
sion display at its reference frequency (50 kHz). 

u. Without changing the output amplitude, increase the 
output frequency of the generator until the display is re- 
duced ta 2.8 divisions (-3 dB point). 

V. CHECK-Output frequency of generator must be 45 
megahertz or higher. Actual frequency, megahertz. 



19. Check Added Mode Upper Bandwidth 
Limit 

REOUIREMENT-Not more than -3 dB at 50 megahertz, 

a. Change the following control settings: 



VOLT^DIV (CH 1 and 2) 20 mV 

CH 1 POSITION Midrange 

CH 1 Input Coupling GND 

MODE ADD 



b. Set the constant-amplitude generatar for a four-divi- 
sion display at its reference frequency (50 kHz). 

c. Without changing the output amplitude, increase the 
output frequency of the generator until the deflection is re- 
duced to 2.8 divisions (-3 dB point; se tt Fig. 5-17 ). 

d. CHECK-Output frequency of generator must be 50 
megahertz or higher. Actual frequency, _ megahertz. 

e. Change the following control settings: 

CH 2 POSITION Midrange 

CH 1 Input Coupling DC 

CH 2 Input Coupling GND 

f. Disconnect the output of the in-line termination from 
the Channel 2 INPUT connectorand connect it to the Chan- 
nel 1 INPUT connector. 

g. Set the constant-amplitude generator for a four-divi- 
sion display at its reference frequency (50 kHz). 

h. Without changing the output amplitude, increase 
the output frequency af the generator until the deflection is 
reduced to 2.8 divisions (-3 dB point), 

i. CHECK-Output frequency of generator must be 50 

megahertz or higher. Actual frequency, megahertz. 



20. Check Channel 1 and 2 Cascaded Upper 
Bandwidth Limit 

REQUIREMENT-Not more than -3 dB at 25 megahertz. 

a. Connect the CH 1 OUT connector to the Channel 2 
INPUT connector with the 18-inch 50-ohm BNC cable. 

b. Set the MODE switch to CH 2. 

c. Set the constant-amplitude generator for a four-divi- 
sion display at its reference frequency (50 kHz). 

d. Withaut changing the output amplitude, increase the 
output frequency of the generator until the deflection is 
reduced to 2.8 divisions (-3 dB point; se i; Fig. 



w. Set the CH 2 VOLTS^DIV switch to 5 mV. 

X Set the constant-amplitude generator for a four-divi- 
sion display at its reference frequency (50 kHz). 

y. Without changing the output amplitude, increase the 
output frequency of the generator until the deflection is 
reduced to 2.8 divisions (-3 dB point). 

z. CHECK-Output frequency of generator must be 40 

megahertz or higher. Actual frequency, megahertz. 



e. CHECK-Output frequency of generator must be 25 

megahertz or higher. Actual frequency, megahertz. 

f. Disconnect the cable from between the CH 1 OUT 
and Channel 2 INPUT connectors. 

21. Check Common-Mode Rejection Ratio 

REQUIREM ENT-20:! or greater at 20 megahertz, 
a. Change the following control settings: 



© 
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V0LT5/DIV (CH 1 and 2) 50 mV 

Input Coupling (CH 1 DC 

and 2) 

A and B TIME/DIV ,1ms 

b. Connect the constant-amplitude genera torto the Chan- 
nel 1 and 2 INPUT connectors through the five-nanosecond 
GR cable, 50-ohm in-line termination and the duel-input 
coupler. 

c. Set the constant-amplitude generator for a 3.2-division 
display at 20 megahertz. 

d. Change the following control settings: 

VOLWDIV (CH 1 and 2) 20 mV 

MODE ADD 

INVERT Pulled out 

e. CHECK-CRT display for 0.4-division deflection, or less 

(common-mode reiection ratio 20:1 or better se i Flo. 5^ ). 

NOTE 

This check applies only when the Channel 1 and 
2 gain is comect as given in step 6. If the com- 
mon-mode reiection ratio is lower than 20:1, 
check and readjust the gain. Then recheck this 
step. 

f. Disconnect the dual-input coupler. 

22. Check Attenuator Isolation Ratio 

REOUIREM ENT- 10,000:1 or greater at 20 megahertz, 
a. Change the following control settings 



CH 1 VOLTS/DIV 1 

CH 2 VOLTS/DIV 5 mV 

CH 2 Input Coupling GND 

MODE CHI 

INVERT Pushed in 



b. Connectthe constant-amplitude genera torto the Chan- 
nel 1 INPUT connector through the five-nanosecond GR 
cable and the 50-ohm in-line termination. 




Fig. 5 - 8 . Typical CRT display showing correct common-mode rejoc- 
tlen ratio. 



c. Set the constant-amplitude generator for a five-division 
display at 20 megahertz (use the variable control of the 
generator, if necessary, to obtain a five-division display. 

d. Set the MODE switch to CH 2. 

e. CHECK-CRT display for 0.1-division deflection, or less 
(attenuator isolation ratio 10,000:1 or better; see l Flo. 

f. Change the following control settings 



CH 


1 


VOLTS/DIV 


5 mV 


CH 


2 


VOLTS/DIV 


1 


CH 


1 


Input Coupling 


GND 


CH 


2 


Input Coupling 


DC 



Fig. 5 - 9 . Typical CRT display when checking attenuator Isolation 
ratio and amplifier crosstalk ratio. 



g. Disconnect the 50-ohm in-line temiination from the 
Channel 1 INPUT connector and reconnect it to the Chan- 
nel 2 INPUT connector. 

h. Set the constant-amplitude generator for a five-divi- 
sion display at 50 megahertz [use the variable control of 
the generator, if necessary, to obtain a five-division dis 
play). 

i. Set the MODE switch to CH 1. 

j. CHECK-CRT display for a 0.1-division deflection or 
less (attenuator isolation ratio 10,000:1 or better; see l Fig. I 

□ 3 ). 

k Disconnect all test equipment. 



23. Check A and B Trigger Level Centering 

REQUIREMENT- stable display in accordance with the 
following procedure. 



a. Change the following control settings: 



VOLTS/DIV (CH 1 and 2) 
CH 1 POSITION 
INPUT COUPLING (CH 1 
and 2) 

LEVEL (A and B) 

A and B TIME/DIV 



50 mV 
Midrange 
DC 

0 

20 iJL% 
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b. Connect the constant-amplitude generator to the A 
EXTTRIG INPUT connector through the five-nanosecond GR 
cable, GRto BNC adapter and BNC Tconnector. Connect 
the output of the BNC T connector to the Channel I INPUT 
connector through the 18-inch 50-ohm BNC cable and a 
50-ohm BNC temiination. 

c. Set the canstant-amplitude generator for a 0.2-division 
display at 50 kilohertz. 

d. Slowly rotate the A LEVEL control until a stable dis- 
play is presented (A SWEEP TRIG’D light on). 

e. CHECK-A LEVEL control must be near 0. This check 
indicates that the A Trigger Level Center adjustment is set 
correctly. 

f. Change the following control settings: 

TRIGGER CH 1 ONLY 

A LEVEL 0 

COUPLING (A and B] DC 

g. Slowly rotate the Channel 1 POSITION control until 

a stable display is presented (A 9A/EEP TRIG’D light on). 

h. CHECK-CRT display must be within one division of 
the center horizontal line (see I Flo. .5-10)L CFI 1 light in both 
A and B Triggering must be on. This check indicates that 
the Channel 1 Trigger DC Level adjustment is set correctly. 

I. Set the TRIGGER switch to NORM. 

j. Slowly rotate the Channel 1 POSmON control until a 
stable display is presented (A SWEEP TRIG'D light on). 

k. CFIECK-CRT display must be within two divisions of 
the center horizontal line (se el Fig. .5- lO i. This check indicates 
that the Normal Trigger DC Level adjustment is set cor- 
rectly. 

l. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B). 

m. Set the CFI 1 POSITION control to midrange. 

n. Slowly rotate the B LEVEL control until a stable dis- 
play is presented. 

o. CFIECK-B LEVEL control must be near 0. This check 
indicates that the B Trigger Level Center adjustment is set 
correctly. 




Display must be stable within given iimits from center 
horizontal line 



Fig. s-10. Typicai CRT display when checking trigger level centering. 



24. Check A and B Internal Triggering 
Operation 

REOUIREM ENT- Stable display in AC, LF REJ and DC 
positions of the A and B COUPUNG switches with a 0.2- 
division display at 10 megahertz and a one-division display 
at 50 megahertz. 

a. Set the constant-amplitude generator for a 0.2-division 
display at 10 megahertz. 

b. Change the fallowing control settings: 

TIME/DIV .1 /IS 

A SWEEP MODE NORM TRIG 

HORIZ DISPLAY A 

c. CHECK-Stable CRT display (see l Flo. S-llA ) can be 
obtained with the A COUPLING switch set to AC, LF REJ 
and DC (A LEVEL control may be adjusted as necessary to 
obtain stable display). The A SWEEP TRIG'D light must be 
on when the display is stable. 

d. Set the canstant-amplitude generatorfor a one-division 
display at 50 megahertz. 

e. Set the MAG switch to XIO. 

f. CHECK-Stable CRT display (see l Flo. 5-l]I B) can be 
obtained with the A COUPLING switch set to AC, LF REJ 
and DC (A LEVEL and HF STAB controls may be adiusted as 
necessary to obtain a stable display). Display jitter should 
not exceed 0.1 division (one nanosecond). 

g. Change the following control settings: 

A LEVEL Set for a stable A display 

HORIZ DISPLAY DELAYED SWEEP (B) 

h. Set the constant-amplitude generatorfor a one-division 
display at 50 megahertz (as set in part d above). 

i. CHECK-Stable CRT display (see l Flo. 5-llB ) can be 
obtained wwith the B COUPUNG switch set to AC, LF REJ 
and DC (B LEVEL control may be adjusted as necessary to 
obtain stable display). 

j. Set the constant-amplitude generator for a 0.2-division 
display at 10 megahertz. 

k. Set the MAG switch to OFF. 

l. CHECK-Stable CRT display (see l Flo. 5-lU A) can be 
obtained with the B COUPUNG switch set to AC, LF REJ 
and DC (B LEVEL control may be adjusted as necessary to 
obtain a stable display). 



25. Check A and B External Triggering 
Operation 

REOUIREM ENT- Stable display in AC, LF REJ and DC 
positions of A and B COUPUNG switches with a 50-milli- 
volt signal at 10 megahertz and a 200-millivolt signal at 
50 megahertz 

a. Change the following control settings: 



SOURCE (A and B) 


EXT 


HORIZ DISPLAY 


A 


MAG 


OFF 
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Fig. 5-11. (A) Typical CRT display when checking intarnal 10-mega- 
irtz triggering, (B) typical CRT display when checking internal 
)-megaherli triggering. 



b. Set the constant-amplitude generatorfora one-division 
display (50 millivolts) at 10 megahertz. 

c. CHECK-Stable CRT display (see l Fig. 5-121 ^) can be 
obtained with the A COUPLING switch set to AC, LF REJ 
and DC (A LEVEL control may be adjusted as necessary to 
obtain stable display). 

d. Set the MAG switch to XIO. 

e. Set the constant-amplitude generatorfora 2.8-division 
display at 50 megahertz (2.8-division display takes into 
account typical rolloff in vertical response at 50 MHz). 

f. CHECK-Stable CRT display (se el Fig. 5-13 B) can be 
obtained with the A COUPUNG switch set to AC, LF REJ and 
DC (A LEVEL and HF STAB controls may be adjusted as 
necessary to obtain stable display). 

g. Disconnect the constant-amplitude generator signal 
from the A EXT TRIG INPUT connector and reconnect it 
to the B EXT TRIG INPUT connector. 

h. Change the following control settings: 

A SOURCE INT 

A LEVEL Set fora stable A display 

HORIZ DISPLAY DELAYED SWEEP (B) 

i. CHECK-Stable CRT display (see l Flo. 5-12B ( can be 

obtained with the B COUPUNG switch set to AC, LF REJ and 
DC (B LEVEL control may be adjusted as necessary to obtain 
stable display). 

j. Set the MAG switch to OFF. 



k. Set the constant-amplitude generatorfora one-division 
display at 10 megahertz. 

l. CHECK-Stable CRT display (see l Fig. 5-12A ) can be 
obtained with the B COUPUNG switch set to AC, LF REJ and 
DC (B LEVEL control may be adjusted as necessary to obtain 
stable display: A LEVEL control must also be correctly ad- 
ju ste d ) . 

m. Disconnect all test equipment. 




Fig. 5-12. (A) Typical CRT display when checking external 10- 
megaherlz triggering, IB) typicai CRT display when checking ex- 
ternal 50-megahertz triggering. 

26. Check A and B Low-Frequency Triggering 
Operation 

REOUIREMENT-Intemal, stable display in AC, HF REJ and 
DC positions of the A and B COUPLING switches with a 
0.2-division display: external, stable display in AC, HF REJ 
and DC positions of A and B COUPLING switches with a 
50-millivolt signal. 

a. Connect the low-frequency constant-amplitude gener- 
ator to the A EXT TRIG INPUT connector through a 42- 
inch 50-ohm BNC cable and the BNC T connector. Con- 
nect the output of the BNC T connector to the Channel 1 
INPUT connector through an 18-inch 50-ohm BNC cable 
and a 50-ohm BNC termination. 

b. Change the following control settings: 

A and B TIME/DIV 5 ms 

HORIZ DISPLAY A 

c. Set the low-frequency generator for a 0.2-division 
display at 60 hertz. 
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d. CHECK-Stable CRT display (see l Fla. 5-l.TA ) can be 
obtained with the A COUPLING switch set to AC, HF REJ 
and DC (A LEVEL control may be adjusted as necessary to 
obtain a stable display). 

e. Set the A and B SOURCE switches to EXT. 

f. Set the low-frequency generator for a one-division 
display at 60 hertz (50 millivolts). 

g. CHECK-Stable CRT display (see l Fio. 5-ldb ) can be 
obtained with the A COUPUNG switch set to AC, HF REJ and 
DC (A LEVEL control may be adjusted as necessary to ob- 
tain stable display). 

h. Change the following control settings: 

A SOURCE INT 

A LEVEL Set fora stable A display 

HORIZ DISPLAY DELAYED SWEEP (B) 

i. Disconnect the low-frequency generator from the A 
EXT TRIG INPUT connector and reconnect it to the B EXT 
TRIG INPUT connector. 

j. CHECK-Stable CRT display (see l Fig. 5-13E ) can be 
obtained with the B COUPLING switch set to AC, HF REJ 
and DC (B LEVEL control may be adjusted as necessary to 
obtain stable display). 

k. Set the B SOURCE switch to INT. 

l. Set the low-frequency generator for a 0.2-division 
display at 60 hertz. 




Fig. 5-13. (A) Typical CRT displapy when checking internal low- 
freqgency triggering at 60 hertz. (B) Typical CRT display when 
checking external low-frequency triggering at 60 hertz. 



m. CHECK-Stable CRT display (see | Fig, 5-13{ \) can be 
obtained with the B COUPUNG switch set to AC, HF REJ 
and DC (B LEVEL control may be adjusted as necessary to 
obtain stable display: A LEVEL control must also be cor- 
rectly ad lusted). 



27. Check A and B High-Frequency Reject 
Operation 

REOUIREM ENT- Stable triggering with 0.2-division dis- 
play at 50 kilohertz: does not trigger at one megahertz. 



a. Change the following control settings: 



COUPLING (A and B) 
SOURCE (A and B) 

A and B TIME/DIV 
A SWEEP MODE 



HF REJ 
INT 

20 /IS 

AUTO TRIG 



b. Set the low-frequency constant-amplitude generator 
for a 0.2-division display at 50 kilohertz. 

c. CHECK-Stable CRT display ( bee Fio. t5 -14i can be ob- 
tained with the B LEVEL control, 

d. Without changing the output amplitude, set the low- 
frequency generatarto one megahertz, 

e. Set the MAG switch to XIO, 

f. CHECK-Stable CRT display cannot be obtained at 
any setting of the B LEVEL control. 

g. Change the following control settings: 

A SWEEP MODE NORM TRIG 

HORIZ DISPLAY A 

MAG OFF 



h. Set the low-frequency generator for a 0.2-divisian dis- 
play at 50 kilohertz. 

i. CHECK-Stable CRT display (see I Fio. 5-141 can be 
obtained with the A LEVEL control. 



j. Without changing the output amplitude, set the con- 
stant-amplitude genera torto one megahertz. 

k Set the MAG switch to XIO. 



I. CHECK-Stable display cannot be obtained at any 
setting of the A LEVEL control. 



28. Check A and B Low-Frequency Reject 
Operation 

REOUIREM ENT- Stable display with 0.2-division disploy 
at 30 kilohertz: does not trigger at 60 hertz. 

a. Set the low-frequency generator for a 0,2-division 
display at 30 kilohertz. 

b. Change the following control settings: 

COUPLING (A and B) LF REJ 

A and B TIME/DIV .1 ms 

MAG OFF 

c. CHECK-Stable CRT display (see l Fio. 5-151) can be 
obtained with the A LEVEL control. 






5-12 



TM 



11 - 6625 - 1722-15 




Fig. 5-14. Typical CRT ditpfay wh*n ch«<king high-fraqutncy rt|*ct 
oparollen ol SO klleharli. 



d. Without changing the output ampiitude, set the iow- 
frequency generator to 60 hertz. 

e. Set the A and B HME/DIV switch to 2 ms 

f. CHECK-Stabie CRT dispiay cannot be obtained at 
any setting of the A LEVEL controi. 

g. Change the foiiowing controi settings 

A and B TME/DIV .1ms 

HORIZ DISPLAY DELAYED SWEEP (B) 

h. Set the iow-frequency generator for a 0.2-divisian dis 
piay at 30 kiiohertz. 

i. CHECK-Stabie CRT dispiay (see lFio. 5-15t can be 
obtained with the B LEVEL controi. 

j. Without changing the output ampiitude, set the iow- 
frequency genera torto 60 hertz. 

k. Set the A and B TME/DIV switch to 2 ms 

i. CHECK-Stabie CRT dispiay cannot be obtained at 
any setting of the B LEVEL controi. 




























































































































Fig. 5-15. Typical CRT display whan checking low-frtquancy rajact 
oporatlon of 30 klleharti. 



29. Check Single Sweep Operation 

REQUIREMENT- Sweep triggers at same A LEVEL con- 
trol setting as in AUTQ TRIG; after each sweep, further 
displays are locked out until the RESET button is pressed. 

a. Change the following control settings: 

COUPLING (A and B) AC 

A and B TME/DIV Sms 

HORIZ DISPLAY A 

b. Set the low-frequency generator for a five-division 
display at one kilohertz. 

c. Set the A LEVEL control fully clockwise. 

d. Set the A SWEEP MODE switch to SINGLE SWEEP. 

e. Push the RESET button. 

f. CHECK-RESET light must come on when button is 
pressed and remain on until sweep is triggered. 

g. Slowly rotate the A LEVEL control counterclockwise. 

h. CHECK-A single-sweep display (one sweep only) is 
presented when the A LEVEL control is in the triggerable 
region. RESET light must go off at the end of the sweep 
and remain off until the RESET button is pressed again. 



30. Check A and B Slope Switch Operation 

REO UIREM ENT-Sta ble triggering on correct slope of 
trigger signal. 

0 . Change the following control settings: 

A LEVEL 0 

A SWEEP MODE AUTO TRIG 

b. Set the low-frequency generator for a four-division 
display at one kilohertz. 

c. CHECK-CRT display starts on positive slope of the 
waveform (se d Fig. 5-16 AL 

d. Set the A SLOPE switch to -. 

e. CHECK-CRT display starts on negative slope of the 
waveform (se d Fig. 5- 1K B). 

f. Change the following control settings: 

HORIZ DISPLAY DELAYED SWEEP (B) 

A SWEEP MODE AUTO TRIG 

g. CHECK-CRT display starts on positive slope of the 
waveform (se d Fig. .STB AL 

h. Set the B SLOPE switch to -. 

1. CHECK-CRT display starts on negative slope of the 
waveform (se d Fig. 5-16 B). 

j. Disconnect all test equipment. 

31. Check A and B Triggering Level Control 
Range 

REO UIREM ENT-EXT, at least -F and - 2 volts; EXT -h 
10, at least H- and - 20 volts. 
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Fig. 5-16. Typical CRT display when checking slope switch opera- 
tion. (A) SLOPE switch sot to IB I SLOPE switch set to — . 



a. Connect the low-frequency generator to the B EXT 
TRIG INPUT connector through a 42-Inch BNC cable and the 
BNC T connector. Connect the output of the BNC T con- 
nector to the Channel 1 INPUT connector through an 18- 
Inch BNC cable. 

b. Change the following control settings: 



CH 1 VOLT5/DIV 1 

LB/EL (A and B) Midrange 

COUPLING (A and B) DC 

SOURCE (A and B) EXT 



c. Set the low-frequency generator for a four-divislon 
display (four volts peak to peak) at one kilohertz. 

d. CHECK-Rotate the B LEVEL control throughout Its 
range and checkthat display can be triggered at any point 
along the negative slope of the waveform (Indicates B 
LEVEL control range of at least -l- and - two volts). Dis- 
play Is not triggered at either extreme of rotation. 

e. Set the B SLOPE switch to -h 

f. CHECK-Rotate the B LEVEL control throughout its 
range and checkthat display can be triggered at any point 
along the positive slope of the waveform. Display is not 
triggered at either extreme of rotation. 

g. Set the CH 1 VOLTS^DIV switch to 10. 

h. Set the B SOURCE switch to EXT -I- 10. 

I. Set the low-frequency generator for a four-division 
display (40 volts peak to peak) at one kilohertz. 



j. CHECK-Rotate the B LEVEL control throughout its 
range and check that display can be triggered at any point 
along the positive slope of the waveform (indicates B LEVEL 
control range of at least -l- and - 20 volts). Display is 
not triggered at either extreme of rotation. 

k. Set the B SLOPE switch to -. 

l. CHECK-Rotate the B LEVEL control throughout its 
range and checkthat display can be triggered at any point 
along the negative slope of the waveform. Display is not 
triggered at either extreme of rotation. 

m. Change the following control settings: 

A SOURCE EXT 10 

A SWEEP MODE NORM TRIG 

HORIZ DISPLAY A 

n. Disconnect the low-frequency generator from the B 
EXT TRIG INPUT connector and reconnect it to the A EXT 
TRIG INPUT connector. 

o. CHECK-Rotate the A LEVEL control throughout its 
range and checkthat display can be triggered at any point 
along the negative slope af the waveform (indicates A 
LEVEL control range of at least -i- and - 20 volts). Dis- 
play is not triggered at either extreme of rotation. 

p. Set the A SLOPE switch to -I-. 

q. CHECK-Rotate the A LEVEL control throughout its 
range and checkthat display can be triggered at any point 
along the positive slope of the waveform. Display is not 
triggered at either extreme of ratation. 

r. Change the following control settings: 

CH 1 VOLTS/DIV 1 

A SOURCE EXT 

s Set the low-frequency generator for a four-division 
display (four volts peak to peak) at one kilohertz. 

t. CHECK-Rotate the A LEVEL control throughout its 
range and checkthat display can be triggered at any point 
along the positive slope of the waveform (indicates A LEVEL 
control range of at least -i- and - two volts). Display is 
not triggered at either extreme of rotation. 

u. Set the A SLOPE switch to -. 

V. CHECK-Rotate the A LEVEL control throughout its 
range and checkthat display can be triggered at any point 
along the negative slope of the waveform. Display is not 
triggered at either extreme of rotation. 

w. Disconnect all test equipment. 



32. Check A and B line Triggering Operation 

REQUIREMENT- Stable display of line-frequency signal, 
triggered on the correct polarity. 

a. Connect the lOX probe to the Channel 1 INPUT 
connector. 

b. Change the following control settings: 



CH 1 VOLT5/DIV 


10 


SOURCE (A and B) 


LINE 


A and B TIME/DIV 


2 ms 
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c. Connect the probe tip to the same line-voltage source 
which is connected to this instrument. 

d. CHECK-Stable CRT display triggered on the correct 
slope. 

e. Set the HORIZ DISPLAY switch to DELAYED SWEEP 
(B). 

f. CHECK-Stable CRT display triggered on the correct 
slope. 

g. Disconnect all test equipment. 



33. Check Auto Recovery Time and 
Operation 

REQUIREMENT- stable display with 50-millisecond mark- 
ers (20 hertz): free-running display with 0.1-second markers 
(10 hertz). 



a. Change the following control settings: 



VOLTS/DIV (CH 1 and 2) 
SLOPE (A and B) 

COUPLING (A and B) 
SOURCE (A and B) 
DELAY-TIME MULTIPLIER 
A and B IIME/DIV 
B SWEEP MODE 

HORIZ DISPLAY 



.2 
-I- 
AC 
INT 
1.00 
50 fxi 

B STARTS AFTER DELAY 
TIME 

A 



b. Connect the time-mark generator to the Channel 1 
INPUT connector through a 42-inch 50-ohm BNC cable and 
a 50-ohm BNC termination. 



c. Set the time-mark generator for 50-millisecond mark- 
ers. 



CAUTION 

To avoid possible burning of the CRT phospor 
at slow sweep rates, position the baseline of the 
marker display below the viewing area. 

d. CHECK-Stable CRT display can be obtained with 
the A LEVEL control. Marker must be at the start of the 
sweep. 

e. Set the time-mark generator for 0.1-second markers 

f. CHECK-Sweep free runs and stable display cannot 
be obtained. If stable display is obtained, marker must not 
be at the start of the sweep. 



34. Check A Sweep Timing Accuracy 

REQUIREMENT-Within 3% over middle eight divisions of 
the display. 

a. CHECK-Using the A TIME/DIV switch and time-mark 
generator settings given in ITable 5-2rT heck A sweep timing 
within 0.24 division, o ver the m iddle eight divisions of the 
display (within 3%). Fi b. 5-17~sFt ows a typical CRT display 
when checking sweep timing. 




Fig. 5 - 17 . Typical CRT dliplay (howing cerrtct A tw«*p liming. 

NOTE 

Unless otherwise noted, use the middle eight hori- 
zontal divisions when checking timing. 

TABLE 5-2 



A and B Timing Accuracy 



A and B 
TIME/DIV 
Switch Setting 


Time-Mark 
Generator Output 


CRT Display 
( markers/ 
division) 


.1 jaS 


0.1 microsecond 


1 


.2 fii 


0.1 microsecond 


2 


.5 fii 


0.5 microsecond 


1 


1 fii 


1 microsecond 


1 


7 JUS 


1 microsecond 


2 


5 fii 


5 microsecond 


1 


10 /iS 


10 microsecond 


1 


20 /ts 


10 microsecond 


2 


50 /xs 


50 microsecond 


1 


.1 ms 


0.1 millisecond 


1 


.2 ms 


0.1 millisecond 


2 


.5 ms 


0.5 millisecond 


1 


1 ms 


1 millisecond 


1 


2 ms 


1 millisecond 


2 


5 ms 


5 millisecond 


1 


10 ms 


10 millisecond 


1 


20 ms 


10 millisecond 


2 


50 ms 


50 millisecond 


1 


.1 s 


0.1 second 


1 


,2 s 


0.1 second 


2 


,5 s 


0.5 second 


1 



A Sweep Only 



1 s 


1 second 


1 


2s 


1 second 


2 


5 s 


5 second 


1 
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35. Check A Magnified Sweep Accuracy 

REQUIREMENT-Within 4% over middle eight divisions 
of the CRT display with the MAG switch set to XIO. Mag- 
nifier light must be on. 

a. Set the MAG switch to XIO. 

b. CHECK-Using the A TIME/DIV switch and time-mark 
generator settings given in ITahle 5-S. I check A magnified 
sweep timing within 0.32 division over the middle eight 
divisions of the magnified display (within 4%]. Note the 
portions of the total magnified sweep length to be ex- 
cluded from the measurement. Magnifier light must be on. 

TABLE 5-3 



A and B Magnified Accuracy 



A and B 
TIME/ 
DIV 
Switch 
Setting 


Time- 

Mark 

Generator 

Output 


CRT 
Display 
( Mark- 
ers/ 

Division ) 


Portions of 
total magnified 
sweep length 
to exclude 
from 

measurement 


.1 flS 


10 nanosecond 


1 


First and last 
three divisions 


.2 jj,s 


10 nanosecond 


2 


First and last 
3.5 divisions 


.5 /IS 


50 nanosecond 


1 


First two 
divisions 


1 /XS 


0.1 microsceond 


1 


First division 


2 /xs 


0.1 microsceond 


2 


5 /XS 


0.5 microsecond 


1 


1 0 /XS 


1 microsecond 


1 


20 /XS 


1 microsecond 


2 


50 jxs 


5 microsecond 


1 


.1 ms 


10 microsecond 


1 


.2 ms 


10 microsecond 


2 


.5 ms 


50 microsecond 


1 


1 ms 


0.1 millisecond 


1 


2 ms 


0.1 millisecond 


2 


5 ms 


0.5 millisecond 


1 


1 0 ms 


1 millisecond 


1 


20 ms 


1 millisecond 


2 


50 ms 


5 millisecond 


1 


.1 s 


10 millisecond 


1 


.2 s 


10 millisecond 


2 


.5 s 


50 millisecond 


1 


A Sweep Only 


1 s 


0.1 second 


1 


2s 


0.1 second 


2 


5 s 


0.5 second 


1 



c. Set the time-mark generatar for 0.1-millisecond mark- 
ers. 



d. Set the A TIME/DIV switch to 1 ms 

e. Position the first eight-division portion of the total 
magnified sweep onto the viewing area. 



f. CHECK-One marker each division between the first- 
and ninth-division vertical graticule lines: marker at ninth- 
division vertical line must be within 0.32 division [within 4%) 
of the line when the marker at the first-division vertical line 
is positioned exactly. 

g. Repeat this check for each eight-division portion of 
the total magnified sweep length. 



36. Check B Sweep Timing Accuracy 

REQUIREMENT-Within 3% over middle eight divisions 
of the display. 

a. Set the MAG switch to OFF. 

b. Set the HORIZ DISPLAY switch to DELAYED SWEEP 
(B). 

c. CFIECK-Using the A and B TIME/DIV switch and 
time-mark generator settings given in i Table 5-21 check B 
sweep timing within 0.24 division over the middle eight 
divisions of the display [within 3%). 



37. Check B Magnified Sweep Accuracy 

REQUIREMENT-Within 4% over middle eight divisions 
of the CRT display with the MAG switch set to XIO. 

a. Set the MAG switch to XIO. 

b. CFIECK-Using the A and B TIME/DIV switch and time- 
mark generator settings oiven l in Table L 5-3. check B mag- 
nified sweep timing within 0.32 division over the middle 
eight divisions of the magnified display (within 4%). Note 
the portions of the total magnified sweep length to be 
excluded from the measurement. 



38. Check Delay Time Accuracy 

REQUIREMENT-DELAY TIME switch (A TIME/DIV) posi- 
tions of 1 /xs to 20 ms, within 1.5% .Is to 5s, within 2.5% 

a. Set the MAG switch to QFF. 

b. CHECK-Using the A TIME/DIV switch, B TIME/DIV 
switch and time-mark generator settings given in Table 5-4 . 
check delayed sweep accuracy within the given tolerance. 
First set the DELAY-TIME MULTIPUER dial to 1.00 and rotate 
the dial until the sweep startsatthe top ofthe second marker 
(see l Fig. 331. Note the dial reading and then set the dial 
to 9.00 and rotate slightly until the sweep starts at the top 
of the tenth marker. DELAY-TIME MULTIPLIER dial setting 
must be 8.00 divisions higher, -F or - the allowable enor 
given in i Table 

NQTE 

Sweep will start at top of third marker at 1.00 
and nineteenth marker at 9.00 for sweep rates 
which are multiples of 2 (e.g., 2 jus, 20 /xs, .2 ms, 
etc.). If in doubt as to the comect setting of the 
DELAY-TIME MULTIPLIER dial, set the HQRIZ DIS- 
PLAY switch to A INTEN DURING B and check 
which marker is intensified. 
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b. Set the time-mark generator for one-millisecond mark- 
ers. 

NOTE 

If the display is not exactly 8.00 dial divisions be- 
tween 1.00 and 9.00 with the A TIME/DIV switch 
set to 1 ms as measured in step 37, use parts c 
through k to compensate for this en"or. Then the 
incremental linearity of the DELAY-TIME MULTIPLIER 
dial can be read directly from the dial. If the dif- 
ference is exactly eight divisions, proceed to 
part m. 

c. Set the A TIME/DIV switch to .5 ms; then return the B 
TIME/DIV switch tolOjns. 



Fig. 5 - 18 . Typical CRT display whan checking delayed-sweap ac- 
iracy. 



TABLE 5-4 

Delayed Sweep Accuracy 



A TIME/ 
DIV 
switch 
setting 


B TIME/ 
DIV 
switch 
setting 


Time- 

Mark 

Generator 

Output 


Allowable 
Error for Given 
Accuracy 


1 AS 


.1 /XS 


1 microsecond 


±12 minor dial 
divisions 
(±1.5%) 


2 AS 


.1 MS 


1 microsecond 


5 /xs 


.5 (IS 


5 microsecond 


10/iS 


1 AS 


10 microsecond 


20 /iS 


1 /xs 


10 microsecond 


50 fis 


5 jxs 


50 microsecond 


.1 ms 


10 MS 


0.1 millisecond 


.2 ms 


10 ms 


0.1 millisecond 


.5 ms 


50 fii 


0.5 millisecond 


1 ms 


.1 ms 


1 millisecond 


2 ms 


.1 ms 


1 millisecond 


5 ms 


.5 ms 


5 millisecond 


10 ms 


1 ms 


10 millisecond 


20 ms 


1 ms 


10 millisecond 


50 ms 


5 ms 


50 millisecond 


.1 s 


10 ms 


0.1 second 


±20 minor dial 
divisions 
(±2.5%) 


•2 s 


10 ms 


0.1 second 


•5 s 


50 ms 


0.5 second 


1 s 


.1 s 


1 second 


2s 


.1 s 


1 second 


5s 


,5 s 


5 second 



39. Check Delay-Time Multiplier Incremental 
Linearity 

REQUIREMENT-Within 0.2% 

a. Change the following control settings: 



DELAY TIME MULTIPLIER 


9.00 


A 


TIME/DIV 


1 ms 


B 


TIME/DIV 


10 ms 




Fig. 5 - 19 . Typical CRT display whan checking DELAY-TIME MULTI- 
PLIER dial incramantal linearity. 

d. Set the HORIZ DISPLAY switch to A. 

e. Set the A VARIABLE control for one marker each divi- 
sion between the first- and ninth-division vertical lines. 

f. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B). 

g. Set the DELAY-TIME MULTIPUER dial to 1.00 and ro- 
tate slightly until a marker is displayed at the start a f the 
sweep. Note the dial reading. 

h. Set the DELAY-TIME MULTIPUER dial exactly 8.00 dial 
divisions higher than the reading in part g. 

i. Turn the A VARIABLE control slightly so a marker is 
displayed at the start of the sweep. 

j. Set the HORIZ DISPLAY switch to A INTEN DURING 
B and check for nine markers between the DELAY-TIME 
MULTIPUER dial positions of 1.00 and 9.00. 

k. Return the HORIZ DISPLAY switch to DELAYED SWEEP 
(B) and repeat partsg through j until the difference between 
the markers at about 1.00 and 9.00 is exactly 8.00 dial 
divisions 

l. Set the DELAY-TIME MULTIPUER dial to 9.00. 

m. Rotate the DELAY-TIME MULTIPLIER dial slightly so a 
marker is displayed at the start of the sweep fse h Flo. .'TTO k 

n. Note the exact DELAY-TIME MULTIPUER dial reading. 
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0 . Set the DELAY-TIME MULTPLIER dial to 8.00. 

p. CHECK-Dial reading should be 8.00 ±2 minor dial 
divisions (within 0.2%). Take into account the basic dial 
error at 9.00. 

q. Repeat check at each majordial division between 8.00 
and 1.00. 



40. Check Delay-Time Jitter 

REQUIREM ENT-One part or less in 20,000. 

a. Change the following control settings: 



DELAY TIME MULTIPLIER 


1.00 


A TIME/DIV 


1 ms 


B TIME/DIV 


1 /xS 


A VARIABLE 


CAL 



b. Position the pulse near the center of the display area 
with the DELAY-TIME MULTIPLIER dial. 

c. CHECK-J itter on the leading edge of the pulse should 
not exceed 0.5 division [1 part in 20.000 r^e Fiat 5-20). Dis- 
regard slow drift. 

d. Turn the DELAY-TIME MULTIPLIER dial to 9.00 and 
adjust so the pulse is displayed near the center af the dis- 
play area. 

e. CHECK-J itter on leading edge of the pulse should 
not exceed 0.5 division; se tr Fig. 5-20 . Disregard slow drift. 



41. Check Magnifier Register 

REQUIREM ENT-Less than 0.2-division shift when switch- 
ing MAG switch from XIO to OFF. 

a. Set the time-mark generatorforfive-millisecond markers 

b. Change the following control settings: 

HORIZ DISPLAY A 

MAG XIO 

c. Position the middle marker (three markers on total 
sweep) to the center vertical line with the horizontal POSI- 
TION and FINE controls (se a Fio. 5-2H A). 

d. Set the MAG switch to OFF. 

e. CHECK-Trace shift less than 0.2 division Ksee Fig] 
5-218). 




d. CHECK-A sweep length must be between 10.5 and 
11.5 divisions as shown by 0.5 to 1.5 divisions of display to 
the right of the center vertical line (se h Fig. .'>^ 1 

e. Reposition the first marker to the left graticule line. 

f. Turn the A SWEEP LENGTH control to 4 DIV (not in 
B ENDS A detent). 

g. CHECK-A sweep length must be four divisions or less. 



43. Check B Sweep Length 

REO UIREM ENT-11.0 divisions, ±0.5 division. 



a. Change the following control settings: 



DELAY-TIME MULTIPLIER 
A TIME/DIV 
B TIME/DIV 
B SWEEP MODE 

HORIZ DISPLAY 
A SWEEP LENGTH 



Fully counterclockwise 
2 ms 
1 ms 

TRIGG ERA BLE AFTER 
DELAY TIME 
DELAYED SWEEP (B) 
FULL 



b. Adjust the B LEVEL control for a stable display. 

q. Move the eleventh large marker to the c enter vert ical 
line with the horizontal POSmON control (see l Fig. 5-22 ). 

d. CHECK-B sweep length must be between 10.5 and 
11.5 divisions as shown by 0.5 to 1.5 divisions of display to 
the right of the center vertical line (se e Fio. 5-2i !). 



42. Check A Sweep Length 

REO UIREM ENT-Variable from four divisions or less to 
11.0 divisions, ±0.5 division. 



44. Check B Ends A Operation 

REO UIREM ENT-A sweep ends immediately after the end 
of the B sweep when the A SWEEP LENGTH control is set 
to B ENDS A. 



a. Set the time-mark generator for 1- and 0.1-millisecond 
markers. 

b. Set the A LEVEL control for a stable display. 

c. Move the eleventh marker to the center vertical line 
with the horizontal POSmON control (see l Fig. .5-22 i. Large 
markers indicate divisions and small markers indicate 0.1 
division. 



a. Change the following control settings: 



A TIME/DIV 
B TIME/DIV 
B SWEEP MODE 

HORIZ DISPLAY 
A SWEEP LENGTH 



1 ms 
.1 ms 

B STARTS AFTER 
DELAY TIME 
A INTEN DURING B 
B ENDS A 
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Fig. 5-21. Typical CRT display showing correct magnifier reg- 
istration. (Al MAG switch sot to XI 0, (B) MAG switch set to OFF. 

b. Rotate the DEL^Y-TIME MULTIPLIER dial throughout 
its range. 

c. CHECK-CRT display ends after the intensified portion 
at all DELAY-TIME MULTIPLIER dial settings. 



a. Change the following control settings: 



DELAY-TIME MULTIPLIER 
B TIME/DIV 
HORIZ DISPLAY 
A SWEEP LENGTH 



Fully counterclockwise 
1 ms 
A 

FULL 



b. Set the time-markgeneratorforlO-millisecond markers. 

c. Set the A LEVEL control for a stable display. 

d. Position the markers to the far left and right graticule 
lines with the horizontal POSmON control. 



e. Turn the A VARIABLE control fully counterclockwise. 

f. CHECK-CRT display for four-divisions maximum spacing 
between markers (indicatesadequate range forcontinuousiy 
variable sweep rate between the calibrated steps: se dr Fig. I 

I 5-23)1 UNCAL A OR B light must be on when A VARIABLE 
control isnot in CALposition. 





Spacing batwaan morkart mutt b* four dlvlilons or 
lots for corroct VARIABLE control rang#. 
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45. Check A Variable Control Range 

REQUIREMENT-Continuously variable sweep rate be- 
tween calibrated A TIME/DIV switch settings 




Fig. 5-22. Typical CRT display whan checking A and B sweep 
length. 



Fig. 5-23. Typical CRT display when checking A and B VARIABLE 
control range. 



46. Check B Variable Control Range 

REQUIREMENT-Continuously variable sweep rate between 
calibrated B TIME/DIV switch settings 

a. Change the following control settings: 



A TIME/DIV 
B TIME/DIV 
A VARIABLE 
B SWEEP MODE 

HORIZ DISPLAY 



5 ms 
1 ms 
CAL 

TRIGG ERA BLE AFTER 
DELAY TIME 
DELAYED SWEEP (B) 



b. Position the markers to the far left and right graticule 
lines with the horizontal POSITION control. 



C. Turn the B TIME/DIV VARIABLE control (on side panel) 
fully counterclockwise. 

d. CHECK-CRT display for four-division maximum spacing 
between markers (indicatesadequate range forcontinuousiy 
variable sweep rate between the calibrated steps: see Fig. 
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5-23). UNCAL A OR B light must be on when B VARIABLE 
control is not in CAL position. 



47. Check X Gain 



REQ UIREM ENT-C orrect horizontal deflection for EXT 
HORIZ mode operation in the 20 mV CH 1 VOLT5/DIV 
switch position. 



a. Chonge the following control settings: 



V0LT5/DIV 
MODE 
TRIGGER 
B COUPLING 
HORIZ DISPLAY 



20 mV 
CH 2 

CH 1 ONLY 
DC 

EXT HORIZ 



f. Set the B SOURCE switch to EXT -h 10. 

g. CHECK-CRT display for horizontal deflection be- 
tween 6.2 and 9.2 divisions (2.7 volt^ division, ±20%). 

h. Disconnect all test equipment. 



49. Check X-Y Phasing 

REO UIREM ENT-3° or less phase shift up to two mega- 
hertz. 

a. Connectthe constant-amplitude sine-wave generatorto 
the Channel 1 and 2 INPUT connectors through the five- 
nanosecond GR cable, 50-ohm in-line temiination and the 
dual-input coupler. 

b. Change the following control settings: 



b. Connect the standard amplitude calibrator to the 
Channel 1 INPUT connector with the 42-inch BNC cable. 

c. Set the standard amplitude calibrator for a 0.1-volt 
square-wave output. 

d. Increase the INTENSTTY control setting until the dis- 
play (two dots about five divisions apart] is visible. 

e. Move the display to the center of the graticule with 
the Channel 1 POSmON control. 

f. CHECK-CRT display for five divisions horizontal de- 
flection (se d! Fig. 5-24 ). 



CH 1 VOLTS/DIV lOmV 

CH 2 VOLTS^DIV 50 mV 

B SOURCE INT 

c. Set the constant-amplitude generator for a 10-division 
horizontal display at 50 kilohertz. 

d. Center the display vertically and horizontally with the 
Channel 1 and 2 POSITION controls 

e. CHECK-CRT display for an opening at the center 
horizontal line of 0.52 division ar less (3° or less phase shift; 
se d Fig. 5-2l ). 





Fig. 5-24. Typical CRT display showing correct X Gain. 



48. Check External Horizontal Operation 

a. Set the B SOURCE switch to EXT. 

b. Connect the standard amplitude calibrator to the EXT 
HORIZ input connector (B EXT TRIG INPUT). 

c. Set the standard amplitude calibrator for a two-volt 
square-wave output. 

d. CHECK-CRT display for horizontal deflection be- 
tween 6.5 and 8.7 divisions (270 millivolt^division, ±15%). 

e. Set the standard amplitude calibrator for a 20-volt 
square-wave output. 



Fig. 5-25. Typical CRT display when checking X-Y phasing. 



50. Check X Bandwidth in X-Y Mode 

REO UIREM ENT-Not more than -3 dB at five megahertz. 

a. Disconnect the dual-input coupler from the Channel 
2 INPUT connector. 

b. Set the constant-amplitude generator for a six-division 
horizontal display at its reference frequency (50 kHz). 

c. Without changing the output amplitude, increase the 
output frequency of the generator until the horizontal deflec- 
tion is reduced to 4.2 divisions (-3 dB point; seOiaI3I3). 
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Fig. 5-26. Typical CRT ditplay when checking e xlemal heriiental 
bandwidth (double e xpocure). 

d. CHECK-Output frequency of generator must be five 
megahertz or higher. 

51. Check Trace Finder Operation 

REQUIREMENT-Dispiay remains within graticuie area 
when TRACE FINDER button is depressed regardiess of the 
deflection factor or POSmON controi settings. 

a. Reconnect the duai-input coupier to the Channei 2 
INPUT connector. 

b. While holding the TRACE FINDER button depressed, 
rotate the Channel 1 and 2 POSITION contra Is and CFI 1 and 
CFI 2 VOLTS^DIV switches throughout their range. 

c. CFIECK-CRT display remains within the graticule 
area. 

d. While holding the TRACE FINDER button depressed, 
adjust the positioning controls until the display is centered 
about the graticule center lines Then, increase the X and 
Y deflection factors until the display is reduced to about two 
divisions vertically and about four divisions horizontally. 

e. Release the TRACE FINDER button. 

f. CFIECK-CRT display must remain within the graticule 
area. 

g. Reduce the INTENSrY control to a normal setting. 

h. Disconnect all test equipment. 

52. Check ChoppecJ Operation 

REQUIREM ENT-Chopped repetition rate, 500 kilohertz, 
±20%: switching transients blanked out. 



a. Change the following control settings: 



MODE 


CHOP 


TRIGGER 


NORM 


A and B TIME/DIV 


.5 fii 


HORIZ DISPLAY 


A 


B TIME/DIV VARIABLE 


CAL 



b. Position the traces about four divisions apart. 

c. Set the A LEVEL control for a stable display. 

d. CFIECK-Each cycle for duration of 3.4 to 5 divisions 
(500 kilohertz, ±20% see l Fig. 5-2T L 

e. CFIECK-CRT display for complete blanking of switching 
transients between chopped segments (se t Fio. 5-21 /). 




Fig. 5-27. Typical CRT display when shacking choppad rapatIHon 
rala and blanking. 

53. Check Calibrator Repetition Rate 

REQUIREM ENT-One kilohertz, ±0.5%. 

a. Change the following control settings: 



CH 1 VOLTS^DIV 


.5 


CH 2 VOLT^DIV 


.2 


MODE 


ALT 


B COUPLING 


AC 


A and B TIME/DIV 


.1 ms 



b. Connect the 1 kFIz CAL connector to the Channel 1 
INPUT connector with an 18-inch 50-ohm BNC cable. 

c. Connect the time-mark generator to the Channel 2 
INPUT connector through a 42-inch 50-ohm BNC cable and 
a 50-ohm BNC termination. 

d. Set the time-mark generator for one-millisecond 
markers 

e. Position the display vertically so the tips of the mark- 
ers fall just below the rising portions of the square wave. 

f. Set the A LEVEL control so both wavefomis start at 
the same point. 

g. Position the rising portion of the second calibratorcycle 
to the center vertical line. 

h. Set the MAG switch to XIO. 

i. CFIECK-Se pa ration between Calibrator wa veto nri 
leading edge and the marker leading edge not to exceed 
0.5 division (0.5% accuracy: se d Fig. 5^ ). 

j. Disconnect the time-mark generator. 
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Fig. 5-28. Typical CRT display showing correct calibrator repetition 
rate. 

54. Check Calibrator Duty Cycle 

REQUIREMENT-49% to 51%. 

a. Change the following control settings: 

CH 1 VOLWDIV .2 

MODE CH 1 

MAG OFF 

b. Center the display vertically with the Channel 1 POSI- 

TION control. 

c. Set the A LEVEL control so the display starts at the 
50% point on the rising portion of the waveform (the INTEN- 
srY control may need to be advanced slightly to see the 
rising portion of the waveform). 

d. Set the MAG switch to XIO. 

e. Position the 50% point on the falling edge of the Cali- 
brator waveform to the center vertical line. 

f. Set the A SLOPE switch to -. 

g. CHECK-50% point on rising edge now displayed not 
displaced more than two divisions from the center vertical 
line (duty cycle 49% to 51% se el Fig. 5-29 ). 



55. Check Calibrator Risetime 

REQUIREM ENT-One microsecond or less, 

a. Change the following control settings: 



A SLOPE 


-F 


A and B TIME/DIV 


.2 /J.S 


MAG 


OFF 



b. Set the A LEVEL control so all of the rising portion of 
the Calibrator waveform is visible. 

c. Position the 10% point of the leading edge to a verti- 
cal graticule line. 




Fig. 5-29. Typical CRT display when checking calibrator duty cycle. 

d. CHECK-CRT display for five divisions or less between 
the 10% and 90% points on the leading edge of the cali- 
brator waveform (one microsecond or less risetime; see 
I Fig. 5-30 ). 




Fig. 5-30. Typical CRT display when checking calibrator risetime. 

56. Check Calibrator Voltage Output 

REQUIREM ENT-One volt, ±1%. 

a. Change the following control settings: 



CH 1 VOLTS/DIV 


.1 


A SOURCE 


LINE 


A and B TIME/DIV 


5 ms 


CAUBRATOR 


IV 



b. Connect the 1 kHz CAL connector to the unknown in- 
put connector of the standard amplitude calibrator with a 
42-inch BNC cable. 

c. Set the standard amplitude calibrator for a positive 
one-volt DC output in the mixed mode. 
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d. Connect the standord amplitude calibrator output to 
the Channel 1 INPUT connector. 

e. Set the A LEVEL control for a stable display. 

f. Position the top of the wavefonri onto the display 
area with the Channel 1 POSITION control. 

g. CHECK-Difference between the standard amplitude 
calibrator output level and the TYpe 453 Calibrator output 
is 0.1 division or less (one volt output, ±1%: se d Fig. .5-31 1 

h. Set the CAUBRATOR switch (side panel) to .1 V. 

I. Set the standard amplitude calibrator for a positive, 
0.1-volt DC output in the mixed mode. 

j. Position the top of the wavefonri onto the display 
area with the Channel 1 POSmON control. 

k. CHECK-Difference between the standard amplitude 
calibrator output level and the Type 453 Calibrator output 
is 0.1 division or less (0.1 volt output, ±1%: se ct Flo. .5-31 ). 




Fig. 5-31. Typical CIT display whan chacking voltaga output of 
calibrator. 



57. Check Current Through Probe Loop 

REQUIREM ENT-Five millia mperes. 

a. Connect the current-measuring probe and passive ter- 
mination to the Channel 1 INPUT connector. 

b. Set the passive termination fora sensitivity of 2mA/mV. 

c. Clip the current-measuring probe around the PROBE 
LOOP on the side panel. 

d. Change the following control settings: 

CH 1 VOLTS/DIV 5 mV 

A SOURCE INT 

e. CHECK-CRT display 0.5 division in amplitude (five 
milliamperes; se tt Fig. 5-.3E ). 

NOTE 

This step checks far the presence of current in the 
PROBE LOOP. This current will remain within the 




Fig. 5-32. Typical CRT display whan chacking calibrator currant. 

Stated 1% accuracy due to the tolerance of the 
divider resistors and tolerance of the Calibrator 
output voltage. If it is necessary to verify the accu- 
racy of the Calibrator current, use a current-meas- 
uring meter with an accuracy of at least 0.25%, 

f. Disconnect all test equipment. 



58. Check External Z Axis Operation 

REOUIREM ENT-Noticeable trace modulation with five- 
volt signal from DC to 50 megahertz or greater. 

a. Change the following control settings: 

A SO URC E EXT 

A and B TIME/DIV 20 /xs 

b. Set the INTENSrY control to a normal setting. 

c. Connect the constant-amplitude generatar to the A 
EXT TRIG INPUT connector through the five-nanosecond 
GR cable, 50-ohm in-line termination ond BNC T connector. 
Connect the output of the BNC T connector to the Z AXIS 
INPUT binding posts through a 42-inch BNC cable and 
the BNC to alligator clip adapter (connect black lead of 
alligator clip adapter to ground post). 

d. Remove the ground strap from between the binding 
posts 

e. Set the constant-amplitude generator for five volts 
output at 50 kilohertz (use calibrated position of generator 
amplitude control). 

f. CHECK-CRT display for noticeable intensity modula- 
tion (se d Fig. 5-3B A). The INTENSITY control setting may 
need to be reduced to view trace modulation. 

g. Set the constant-amplitude generator for five volts 
output at 50 megahertz (use calibrated position of generator 
amplitude control). 

h. Set the A and B TIME/DIV switch to .1. 

i. CHECK-CRT display for noticeable intensity modula- 
tion (see l Fig. 5-3B B). The INTENSITY control setting may 
need to be reduced to view trace modulation. 
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Fig. 5-33. (A) Typical CRT display whftn checking Z-axis operation 
•t SO kiioKertx, (B ) typical CRT display when checking Z-oxis op- 
e roliea • t 50 megoherti. 

i. Disconnect all test equipment and replace ground 
strap. 

59. Check A Gate Output Signal 

REQ UIREM ENT-Pola rity, positive going: ampiitude, 12 

volts ±10%: duration, about 11 times the A HME/DIV switch 
setting. 

a. Set the A and B llME/DiV switch to 1 ms Be sure 
the A SWEEP LENGIW controi is set to FULL 

b. Connect the A GATE connector (on side panei) to the 
test oscilloscope input connector with the 42-inch BNC cable. 

c. Set the test oscilloscope for a vertical deflection fac- 
tor of five volts/ division at a sweep rate of two milliseconds/ 
division. 



d. CHECK-Test oscilloscope display for 2.4 divisions 
±0.24 division, vertical deflection with the bottom of the 
waveform near the zero-volt level (12 volts ±10%: .se el Fin. I 
I .S--{4)J Gate duration should be about 5.5 divisions (about 
11 times the A TIME/DIV switch setting). 




Fig. 5-34. Typical test oscilloscope display when checking A and 
B GATE output amplitude and duration (vertical deflection factor, 
five velts/division; sweep rate, two millseconds/division) . 



60. Check B Gate Output Signal 

REQ UIREM ENT-Pola rity, positive going: amplitude, 12 

volts ±10%: duration, about 11 times the B TIME/DIV 
switch setting. 

a. Connect the B GATE connector (on side panel) to the 
test oscilloscope input connector with the 42-inch BNC 
cable. 

b. Change the following control settings: 

A TIM E/DIV 2 ms 

B TIME/DIV 1ms 

HORIZ DISPLAY DELAYED SWEEP (B) 

c. CHECK-Test oscilloscope display for 2.4 divisions 
±0.24 division vertical deflection with the bottom of the 
waveform near the zero-volt level (12 volts ±10%: see 

I Fig. 5-34f . Gate duration should be about 5.5 divisions 
(about 11 times the B TIME/DIV switch setting). 

This completes the performance check procedure for the 
Type 453. If the instrument has met all performance re- 
quirements given in this procedure, it is correctly calibrated 
and within the specified tolerances. 
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SECTION 6 
CA LIBRA TION 



Introduction 

Complete calibration information forthe Type 453 isgiven 
in this section. Ibis procedure calibrates the instrument to 
the performance requirements listed in the Characteristics sec- 
tion. The Type 453 can be returned to original performance 
standards by completion of each step in this procedure. If it 
is desired to merely touch up the calibration, perform only 
those steps entitled "Adiust . . .". A short-form calibration 
procedure isalso provided in this section forthe convenience 
of the experienced calibrator. 

The Type 453 should be checked, and recalibrated if neces- 
sary, after each 1000 hours of operation, or every six months 
if used infrequently, to assure correct operation and accuracy. 
The Performance Check section of this manual provides a 
complete check of instrument perfonmance without making 
internal adjustments Use the performance check procedure 
to verify the calibration of the Type 453 and determine if 
recalibration is required. 



TEST EQUIPMENT REQUIRED 

General 

The following test equipment, or its equivalent, is required 
for complete calibration of the Type 453 (se ^ Figs. 6-1 l and 
6-2). Specifications given are the minimum necessary for ac- 
curate calibration of this instrument. All test equipment is 
assumed to be con^ctly calibrated and operating within the 
given specifications If equipment is substituted, it must meet 
or exceed the specifications of the recommended equipment. 

Forthe quickest and most accurate calibration, special 
Tektronix calibration fixtures are used where necessary. These 
special calibration fixtures are available from Tektronix, Inc. 
Order by part number through your local Tektronix Field 
Office or representative. 

1. Variable autotransformer. Must be capable of supply- 
ing 200 volt-amperes over a range of 90 to 137 volts (180 to 
274 volts for 230-volt nominal line). (If autotransformer does 
not have an AC voltmeter to indicate output voltage, monitor 
the output with an AC voltmeter with range of at least 137 or 
274 volts, RMS.) For example. General Radio W10MT3W 
Metered Variac Autotransfonmer (note that the full current 
capabilities of this unit are not required). 

2. Precision DC voltmeter. Accuracy, within ±0.057%; 
meter resolution, 50 microvolt; range, zero to two kilovolts. 
For example. Fluke Model 825A Differential DC Voltmeter 
[use Fluke Model 80E-2 Voltage Divider to measure voltages 
above 500 volts). 

3. Test Oscilloscope. Bandwidth, DC to 50 megahertz; 
minimum deflection factor, five millivolt^d Vision; accuracy, 
within 3% Tektronix Type 453 Oscilloscope recommended. 



4. 1 X Probe with BNC connector. Tektronix P6011 Probe 
recommended. 

5. lOX Probe with BNC connector. Tektronix P6010 Probe 
recommended. 

6. Time-mark generator. Marker outputs, five seconds to 
10 nanoseconds; marker accuracy, within 0.1% Tektronix 
Type 184 Time-Mark Generator recommended. 

7. Standard amplitude calibrator. Amplitude accuracy, 
within 0.25%; signal amplitude, five millivolts to 50 volts; 
output signal, one-kilohertz square wave and positive DC 
voltage. Tektronix calibration fixture 067-0502-00 recom- 
mended. 

8. Square-wave generator. Frequency, one and 100 kilo- 
hertz; risetime, 12 nanoseconds or less from high-amplitude 
output and one nanosecond orlessfrom fast-rise output (into 
50 ohms); output amplitude, about 120 volts unterminated or 
12 volts into 50 ohms from high-amplitude output-50 to 500 
millivolts into 50 ohms from fast-rise output. Tektronix Type 
106 Square-Wave Generator recommended. 

9. Constant-amplitude sine-wave generator. Frequency, 
350 kilohertz to above 50 megahertz; reference frequency, 
50 kilohertz; output amplitude, variable from five millivolts 
to five volts into 50 ohms or 10 volts unterminated; amplitude 
accuracy, within 3% at 50 kilohertz and from 350 kilohertz 
to above 50 megahertz. Tektronix Type 191 Constant Ampli- 
tude Signal Generator recommended. 

10. Low-frequency sine-wave generator. Frequency, 60 
hertz to one megahertz; output amplitude, variable from 0.5 
volts to 40 volts peak to peak; amplitude accuracy, within 
3% from 60 hertz to one megahertz. For example. General 
Radio 1310-A Oscillator (use a General Radio Type 274 QBJ 
Adaptorto provide BNC output). 

11. Current-measuring probe with passive termination. Sen- 
sitivity, two milliampere^millivolt accuracy, within 3% Tek- 
tronix P6019 Current Probe with 011-0078-00 passive tenmina- 
tion recommended. 

12. Cable (two). Impedance, 50 ohms; type, RG-58/U; 
length, 42 inches; connectors, BNC. Tektronix Part No. 012- 
0057-01. 

13. BNC T connector. Tektronix Part No. 103-0030-00. 

14. Cable. Impedance, 50 ohms; type, RG-58/U; length, 
18 inches; connectors, BNC. Tektronix Part No. 012-00764-00. 

15. Cable. Impedance, 50 ohms; type, RG-213/U; electrical 
length, five nanoseconds; connectors, GR874. Tektronix Part 
No. 017-0502-00. 

16. In-line tenmination. Impedance, 50 ohms; wattage rat- 
ing, two watts; accuracy, ±3%; connectors, GR874 input 
with BNC male output. Tektronix Part No. 017-0083-00. 
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Fig. 6-1. Recommended test equipment. Items 1 through 12. 
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17. Input RC normalizer. Time constant, 1 megohm X 20 
pF; attenuation, 2X; connectors, BNC. Tektronix calibration 
fixture 067-0538-00. 

18. 5X attenuator. Impedance, 50 ohms: accuracy, ±3%; 
connectors, G R874. Tektronix Part No. 017-0079-00. 

19. Dual-input coupler. Matched signal transfer to each 
input. Tektronix calibration fixture 067-0525-00. 

20. Adapter. Adapts G R874 connector to BNC female 
connector. Tektronix Part No. 017-0064-00. 

21. Termination. Impedance, 50 ohms; accuracy, ±3%; 
connectors, BNC. Tektronix Part No. 011-0049-00. 

22. Adapter. Connectors, BNC female and two alligator 
clips. Tektronix Part No. 013-0076-00. 

23. Screwdriver. Three-inch shaft, y32-inch bit for slotted 
screws. Tektronix Part No. 003-0192-00. 

24. Low-capacitance screwdriver. I’/j-inch shaft. Tektronix 
Part No. 003-0000-00. 

25. Tuning rod. Five-inch, for 0.100-inch (ID) hex slugs. 
Tektronix Part No. 003-0301-00. 

26. Tuning tool. Handle and insert foryj 4 -inch (ID) hex 
cores. Tektronix Part Nos. 003-0307-00 and 033-0310-00. 



SHORT-FORM CAUBRATION PROCEDURE 

This short-form calibration procedure is provided to aid 
in checking the operation of the Type 453. It may be used 
as a calibration guide by the experienced calibrator, or it 
may be used as a record of calibration. Since the step 
numbers and titles used here correspond to those used 
in the complete procedure, this procedure also serves as 
an index to locate a step in the complete Calibration Proce- 
dure. Performance requirements correspond to those given 
in ISecfion 1 I nf this manual. 

Type 453, Serial No. 

Calibration Date 

Calibrated by 

I I 1. Adiust -12-Volt Power Supply (R1122). I Page 613 
-12 volts, ±0.02 volt. 

I I 2. Adiust +12-Volt Power Supply (R1152). I Page 67^1 

Adiust for -Fl volt, ±0.002 volt, at 1 kHz CAL 
connector with Q1255 removed. Check for +12.1 
volts, ±0.12 volt, output from supply. 

I I 3. Adjust +75-Volt Power Supply (R1182). I Page fatgi 
+75 volts, ±0.2 volt. 

I I 4. Adiust High-Voltage Supply and Check I Pane h- lOl 
Regulation (R900). 

-1950 volts, ±20 volts. Must maintain this output 
level over input line voltage range and INTENSITY 
control changes 



I I 5. Adjust CRT Grid Bias (R940). I Pane h - 101 

See procedure. 

Q 6. Check-Low-Voltage Power-Supply Ripple I Page 6-111 

Two millivolt peak-to-peak maximum ripple on the 
12-, +12- and +75-volt supplies 

7. Adjust Trace Alignment [R980). I Page bTETI 

Trace parallel to horizontal graticule lines. 

I I 8. Adjust Astigmatism (R985). I Page 6-T3I 

Sharp, well-defined display. 

Q 9. Adjust Y Axis Alignment (R989). I Page 6-T4I 

Markers parallel to the center vertical line. 

10. Adjust CRT Geometry (R982). I Page b-TTH 

Minimum bowing or tilt of markers at left and right 
extremes of display. 

Q 11. Adiust Channel 1 and 2 Step Atten- I Page R-IH 

uator Balance (R30, R130). 

No trace shift as CH 1 or CH 2 VOLTS/DIV switch 
is changed from 20 mV to 5 mV. 

12. Adjust Channel 1 and 2 Position Cenfer l~ Page 6-T^ 
(R55, R155). 

Trace at center horizontal line with Channel 1 and 
2 POSITION controls centered. 

13. Adjust Channel 1 and 2 Gain (R90, RlOOi. rFaoe 6-171 

Correct vertical deflection in the 20 mV positions 
of the CH 1 and CH 2 VOLIS/DIV switches. 

Q 14. Check Added Mode Operation. I Page 6-THI 

Correct signal addition. 

I I 15. Check Channel 1 and 2 Deflection I Page 6-181 

Accuracy. 

Vertical deflection within 3% of CH 1 and CH 2 
VOLlS/DiV switch indication. 

16. Check Channel 1 and 2 Variable I Page 6-181 

Vo Its/ Division Range. 

Continuously variable deflection factor between the 
calibrated steps. 

I I 17. Check Channel 1 and 2 Cascaded I Page b-ia 

Deflection Factor. 

One millivolt/division or less. 

18. Check Channel 1 and 2 Input Coupling I Page 6-191 
Switch Operation. 

Correct signal coupling in each position of the Chan- 
nel 1 and 2 Input Coupling switches. 
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□ 19. Check Low-Frequency Vertical Linearity. l Page 6-1^ 

0.15 division, or less compression or expansion of a 
two-division signal (at center screen) when positioned 
to the vertical extremes of the graticule area. 

D 20. Check Trace Shift Due to Input Gate I Page 6-2~ni 
Current. 

Trace shift negligible. 

□ 21. Check Alternate Operation. I Page 6-?rn 

Trace alternation at all sweep rates. 

D 22. Adjust Channel 1 Volt^Division Switch I Page 6-211 
Compensation (C6B, C6C, C7B, C7C, C8B, CSC, 
C9B, C9C, Cll, C17). 

Optimum Channel 1 square-wave response. 

D 23. Adjust Channel 2 Volt^Division Switch I Pa g e 6-221 
Compensation (C106B, C106C, C107B, C107C, C108B, 
C108C, C109B, C109C, Clll, C117). 

Optimum Channel 2 square-wave response. 

□ 24. Adjust High-Frequency Compensation I Pa a e 6-23) 

C43A, C43C, C44A, C44C, C45A, C49, C54, C143A, 
C143C, C144A, C144C, C145A, C149, C154, C263, 
C265, C328, C336, L43A, L143A, R43C, R49, R44C, 
R143C, R144C, R149, R328). 

Optimum square-wave response. 

D 25. Check Upper Vertical Bandwidth Limit I Page 6-261 
of Channel 1 and 2. 

20 mV, not more than -3 dB at 50 megahertz; 
10 mV, not more than -3 dB at 45 megahertz; 5 mV, 
not more than -3 dB at 40 megahertz. 

D 26. Check Upper Added Mode Bandwidth I Page 6-271 
Umit. 

Not more than -3 dB at 50 megahertz. 

Q 27. Check Upper Channel 1 and 2 Cascade d Page 6-771 
Bandwidth Limit. 

Not more than -3 dB at 25 megahertz. 

Q 28. Check Common-Mode Rejection Ratio. I Page 6^^ 
20:1 or greater at 20 megahertz. 

Q 29. Check Attenuator Isolation Ratio. I Pa g e 6-291 

10,000:1 or greater at 20 megahertz. 

Q 30. Adjust A and B Trigger Level Centering I Pa o e 6-~^ 
[R462, R662). 

Conect operation of trigger circuits; see procedure. 

Q 31. Adjust Channel 1 Trigger DC Level I Pane 6-3H 
and Nornial Trigger DC Level (R60, F1285). 

Correct operatian of trigger circuits; see procedure. 






Q 32. Check A and B Internal Triggering I Page 6-311 
Operation. 

Stable display in AC, LF REJ and DC positions of 
A and B COUPUNG switches with 0.2-division dis- 
play at 10 megahertz and one-division display at 
50 megahertz 

□ 33. Check A and B External Triggering I Pa o e 6-321 

Operation. 

Stable display in AC, LF REJ and DC positions of 
A and B COUPLING switches with a 50-millivolt 
signal at 10 megahertz and a 200-millivolt signal 
at 50 megahertz. 

□ 34. Check A and B Low Freouencv Triooerin di Page 6-331 

Operation. 

Internal, stable display in AC, HF REJ and DC posi- 
tions of A and B COUPLING switches with 0.2- 
division display at 60 hertz; external, stable display 
in AC, HF REJ and DC positions of A and B 
COUPLING switches with a 50-millivolt signal at 60 
hertz. 

[]] 35. Check A and B High-Frequency Reject I Page 6-3H 
Operation. 

Stable display with 0.2-division display at 50 kilo- 
hertz: does not trigger at one megahertz. 

□ 36. Check A and B Low-Frequency Reject I Pane 6-341 

Operation. 

Stable display with 0.2-division display at 30 kilo- 
hertz: does not trigger at 60 hertz. 

□ 37. Check Single Sweep Operation. I Pa a e 6- .31 

Sweep triggers at same A LEVEL control setting as 
in AUTO TRIG; after each sweep, further displays 
are locked out until the RESET button is pressed. 

Q 38. CheckA and BSIope Switch Operation. I Pa g e 6-3l 
Stable triggering on correct slope of trigger signal. 

Q 39. CheckA and B Level Control Range. I Pa o e 6-331 

EXT, at least -F and - 2 volts; EXT ± 10, at least 
H- and - 20 volts. 

□ 40. Check Line Triggering Operatian. I Pane 6-3'^ 

Stable display of line-frequency signal, triggered on 
the conect polarity. 

□ 41. Check Auto Recovery Time and Operation ). Pane 6-.771 

Stable display with 50-millisecond markers (20 hertz); 
free-running display with 0.1 -second markers. 

□ 42. Adiust Sweep Start and A Sweep Cali- 1 Page 6-371 

bration (R531, R758). 

Conect operation of sweep circuits; see procedure. 

Q 43. Adjust Normal Gain (R835). I Page 6-3^ 

Conect A sweep timing at 1 m^DIV. 
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Q 44. Adjust Magnified Gain (R845). I Page b-J5l 

Correct A sweep timing at 1 m^DIV with the MAG 
switch set to X 10. 

D 45. Adjust Magnifier Register (R855). I Paoe 6-391 

Less than 0.2-division shift when switching MAG 
switch from XIO to OFF. 

Q 46. Adjust B Sweep Caiibration (R741j. I Pa o e 6-;f^ 

Correct B sweep timing at 1 m^DIV. 

□ 47. Check B Sweep Length. I Page 6-351 

11.0 divisions, ±0.5 division. 

Q 48. CheckA Sweep Length. I Page 6-351 

Variabie from four divisions, oriess, to 11.0 divisions, 
±0.5 division. 

Q 49. Check B Ends A Operation. I Pa g e 6-451 

A sweep ends immediateiy afterthe end of B sweep 
when the A SWEEP LENGTH controi is set to B ENDS 
A. 

□ 50. Check A Variabie Controi Range. I Page 6-401 

Continuousiy variabie sweep rates between the caii- 
brated A HME/DIV switch settings 

□ 51. CheckB Variabie Controi Range. I Page 6-41] 

Continuousiy variabie sweep rates between the caii- 
brated B HME/DIV switch settings 

□ 52. Adjust A and B One Microsecond Timin d Paoe 6-411 

(C530A, C740A). 

Correct A and B sweep timing atl ;us/DIV. 

D 53. Adjust High-Speed Linearity (C882, C 892). [Page 6-421 
Optimum iinearity over the center eight divisions 

□ 54. CheckA Sweep Timing Accuracy. I Pa o e 6-421 

Wthin 3% over middie eight divisions of the dispiay. 

□ 55. Check A Magnified Sweep Accuracy. I Pa o e 6-4^ 

Within 4% over middie eight divisions of the CRT 
dispiay with the MAG switch set to XIO. Magnifier 
iight must be on. 

□ 56. Check B Sweep Timing Accuracy. I Pa o e 6-431 

Within 3% over middie eight divisions of the dispiay. 

Q 57. Check B Magnified Sweep Accuracy. I Paoe 6-431 

Within 4% over middie eight divisions of the CRT 
dispiay with the MAG switch set to XIO. 

□ 58. Check Deiay-Time Accuracy. I Pa g e 6-4^ 

DELAY TIME switch (A TIME/DIV) settings of 1 /ts to 
50 ms, within 1.5% .1 s to 5 s, within 2.5% 



□ 59. 

□ 60. 

□ 61. 

□ 62. 

□ 63. 

□ 64. 

□ 65. 

□ 66 . 

□ 67. 

□ 68 . 

□ 69. 

□ 70. 

□ 71. 

□ 72. 

□ 73. 



Check Deiay-Time Muitipiier Incrementai l Paoe 6-441 
Linearity. 

Within 0.2% 



Check Deiay-Time J itter. I Paoe 6-4^ 

One part, or iess, in 20,000. 

Adjust Extemai Horizontai Gain (R645). I Pa o e 6-~^ 

Correct horizontai defection for extemai horizontai 
mode operation in the 20 mV CHI VOLTS/DIV 
switch position. 

Check Extemai Horizontai Operation. I Paoe 

B SOURCE switch set to EXT, 270 miiiivoit^division, 
±15% B SOURCE switch set to EXT -h 10, 2.7 voit^ 
division, ±20%. 

Check X-Y Phasing. I Pa o e 6-471 

3° or iess phase shift up to 50 kiiohertz. 

Check X Bandwidth in Extemai Hori- I Page 6-471 
zontai Mode. 

Not more than -3 dB at five megahertz. 

Check Beam Finder Operation. I Pa o e 6-471 

Dispiay remains within graticuie area when TRACE 
FINDER button is depressed regardless of the deflec- 
tion factor or POSITION control settings. 



Check Chopped Operation. i Pa o e 6-481 

Chopped repetition rate, 500 kilohertz ±20% time 
segment displayed from each channel, about one 
microsecond: switching transients blanked out. 

Adjust Calibrator Repetition Rate rn.255). rPaoe 6-491 
One kilohertz, ±0.57% 



Check Calibrator Duty Cycle. I Page 6-^ 

49% to 51% 



Check Calibrator Risetime. I Page 6-^ 

One microsecond oriess. 

CheckCurrent Through Probe Loop. I Page 6-5TI 
Five milliamperes. 

Adjust Z Axis Compensation (C 1036). I Page 6-^ 
Optimum square comer on blanking pulse. 



Check Extemai Z Axis Operation. I Pa g e 6-.^ 

Noticeable trace modulation with five-volt signal from 
DC to 50 megahertz. 



Check A Gate Output Signal. I Pa a e 6-^ 

Polarity, positive going; amplitude, 12 volts ±10%: 
duration, about 11 times the A TIME/DIV switch 
setting. 
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□ 74. Check B + Gate Output Sgnal. I Page 6-541 

Polarity, positive going; amplitude, 12 volts, ±10%; 
duration about 11 times the BTIME/DIV switch 
setting. 

CALIBRATION PROCEDURE 

General 

The following procedure is arranged in a sequence which 
allows the Type 453 to be calibrated with the least inter- 
action of adjustments and reconnection of equipment. How- 
ever, some adjustments affect the calibration of other circuits 
within the instrument. In thiscase, it will be necessary to 
check the operation of other parts of the instrument. When 
a step interacts with others, the stepswhich need to be 
checked are noted under "INTERACTION-. . .". 

Any needed maintenance should be performed before 
proceeding with calibration. Troubles which become apparent 
during calibration should be corrected using the techniques 
given in the Maintenance section. 

The steps titled “Adjust . . . O" following procedure 

provide a check of instalment perfomrance, whenever pos- 
sible, before the adjustment is made. The symbol Q 

to identify the steps in which an adjustment is made. To pre- 
vent recalibration of othercincuits when perfomiing a partial 
calibration, readiust only if the listed tolerance is not met. 
However, when performing a complete calibration, best over- 
all performance will be provided if each adjustment is made 
to the exact setting, even if the "CHECK- . . ." is within the 
allowable tolerance. 

in the following procedure, a test equipment setup picture 
is shown for each major group of adjustments and checks. 
Beneath each setup picture Isa complete list of front-panel 



control settings for the Type 453. To aid in locating individual 
controls which have been changed during complete calibra- 
tion, these control names are printed in bold type. If only 
a partial calibration is performed, start with the nearest set- 
up preceding the desired portion. Type 453 front-panel con- 
trol titles referred to in this procedure are capitalized (e.g., 
HO RIZ DISPLAY). Internal adjustment titles are initial capital- 
ized only (e.g.. Normal Gain). 

The following procedure uses the equipment listed under 
Equipment Required. If equipment is substituted, control set- 
tings or test equipment setup may need to be altered to meet 
the requirements of the equipment used. 

N O TE 

All wavefarms shown in this procedure are actual 
waveforms photographs taken with a Tektronix 
Oscilloscope Camera System unless othenwise 
noted. Graticule lines have been photographically 
retouched. 



Preliminary Procedure 

1. Remove the top and bottom covers from the Type 453. 

2. Connect the autotransformer to a suitable power source. 

3. Connect the Type 453 to the autotransformeroutput. 

4. Set the autotransformeroutput voltage to the center 
voltage of the range selected by the line Voltage Selelctor 
assembly on the rearpanel. 

5. Set the Type 453 POWER switch to ON (set INTENSITY 
control fully counterclockwise). Allow at least 20 minutes 
wanrtup at 25° C, ±5° C, for checking the instroment to the 
given accuracy. 



NOTES 



4 . 



A 
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Fig. 6-3. Initial test equipment setup for steps 1 through 5. 



CRT controls 

INTENSITY 
FOCUS 
SCALE ILLUM 



Counterclockwise 
Mldronge 
As desired 



MAG OFF 

A SWEEP LENGTH FULL 

POSITION Midrange 

POWER 0 N 



Vertical controls [both 

VOLTS/DIV 

VARIABLE 

PO SITIO N 

Input Coupling 

MODE 

TRIGGER 

INVERT 



chonnels If applicable) 

20 mV 
CAL 

Midrange 
DC 
CH 1 
NORM 
Pushed In 



Triggering controls [both A and B if applicable) 



LEVEL 
SLOPE 
COUPLING 
SOURC E 



Fully clockwise 

-I- 

AC 

INT 



Side-panel controls 

B TIME/DIV VARIABLE CAL 

CALIBRATOR IV 



1. Adjust - 12-Volt Power Supply O 

a. Test equipment setup is shown ini Fi g . Bill 

b. Connect the precision DC voltmeter from the -12-volt 
test point (pin connector 'H', Low-Voltage Regulator board; 
se el Fig. 6-4 1 to chassis ground. 

c. CHECK-Meter reading: -12 volts, ±0.02 volt. 

d. ADJUST- -12 Volts adjustment, R1122 (see l Fig. 6-h l. 
for -12 volts. 



Sweep controls 

DELAY-TIME MULTIPLIER 
A and B TIME/DIV 
A VARIABLE 
A SWEEP MODE 
B SWEEP MODE 

HORIZ DISPLAY 



Fully counterclockwise 

1 ms 

CAL 

NORM TRIG 
TRIGG ERA BLE AFTER 
DELAY RME 
A 



e. INTERACTIO N-M a y affect operation of all circuits 
within the Type 453. 



2. Adjust +1 2-Volt Power Supply ^ 

a. Connect the precision DC voltmeter from the center con- 
tact of the 1 kHz CAL connector to chassis ground. 
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Fig. 6 - 4 . Lew-voltage power supply test points and adjustments (Low-Voltage Regulator circuit board) . 



b. Remove Q1255 fs be Fig.'b -5) from the Calibrator sec- 
tion of the A Sweep circuit board. 

c. CHECK-Meter reading: +1 volt, ±0.002 volt. 

d. ADJUST- -H12 Volts adjustment, R1152 (see l Fig. 6-t n. 
fora -fl volt meter reading. 

e. Set the CAUBRATDR switch (on side panel) to .1 V. 

f. CHECK-Meter reading: -fO.l volt, ±0.001 volt. 

g. Replace Q1255. 

h. Connect the precision DC voltmeter from the -l-12-volt 
test point (pin connector 'D', Low-Voltage Regulator board: 
se d Fig. 6~^ ) to chassis ground. 

i. CHECK-Meter reading: -1-12.1 volts, ±0.12 volt. 

j. INIERACTION-May affect operation of all circuits 
within the Type 453. 

3. A(djust +75-Volt Power Supply ® 

a. Connect the precision DC voltmeter from the -H75-volt 
test point (pin connector 'B', Low-Voltage Regulator circuit 
board: se 4 Flo. 6-4 ) to chassis ground. 

b. CHECK-Meter reading: -H75 volts, ±0.2 volt. 

c. ADJUST -H75 Volts adjustment, R1182 (see l Fig. 6-4 1 
for -1-75 volts. 



d. Recheck all supplies and readjust if necessary. 

e. INTERACTION-May affect operation of all circuits 
within the Type 453. 

f. Disconnect all test equipment. 




Fig. 6-5. Localion of Q1 2SS (Calibrator leclien of A Swaap circuit 
board) . 
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Fig. 6 - 6 . Location of high-voltage adjustmenti and test point! (bottom) . 



4. AcJjust High-Voltage supply ancJ O 

Check Regulation 

a. Connect the DC voltmeter (use the precision 2 kV divi- 
der) from the -1950 V test point (see l l-ia. 6-8 1 to chassis 
ground. 

b. CHECK-Meter reading; -1950 volts, ±20 volts. 

0 . ADJUST-High-Voltage adjustment, R900 (see l l-ia. 6-6 1. 
for -1950 volts. 

d. INTERACTION-May affect operation of all circuits 
within the Type 453. 

e. CHECK-Change the autotransformer output voltage 
throughout the regulating range selected by the Line Voltage 
Selector assembly on the rear panel and check for less than 
±20 volts change in the high-voltage output level. Also vary 
the INTENSITY control throughout its range at the maximum 
and minimum line voltage; check that regulation remains with- 
in given limits. 

NOTE 

If the high-voltage supply is out of regulation, 

check the regulation of the low-voltage supplies 



(step 6) before troubleshooting in the high-volt- 
age supply. 

f. Return the autotransformer output voltage to the center 
of the regulating range selected by the Line Voltage Selector 
assembly. 

5. Adjust CRT Grid Bias O 

a. Connect the precision DC voltmeter from TP1047 (Z 
Axis Amplifier board; see hio. 6-61 to chassis ground. 

b. Set the A SWEEP MODE switch to SINGLE SWEEP. 

0 . Set the INTENSITY control for a meter reading of +12 
volts. 

d. ADJUST-CRT Grid Bias adjustment, R940 (se d hio. Ft ), 
so the spot just disappears (it may be necessary to turn the 
horizontal POSITION control clockwise to bring the spot 
onto the viewing area). 

CAUTION 

Do not allow a bright spot to remain stationary 
for an extended period, as it may burn the CRT 
phosphor. 

e. INTERACTION-Check steps 65, 71 and 72. 

f. Disconnect the precision DC voltmeter. 
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Fig. 6-7. Ttst equipment setup for steps 6 and 7. 



CRT controls 

INTENSITY 
FOCUS 
SCALE ILLUM 



Counterclockwise 

Midrange 
As desired 



HORIZ DISPLAY A 

MAG OFF 

A SWEEP LENGTH FULL 

POSITION Midrange 

POWER ON 



Vertical controls (both channels If applicable) 



Side-panel controls 



VOLTS/DIV 

VARIABLE 

POSITION 

Input Coupling 

MODE 

TRIGGER 

INVERT 



20 mV 
CAL 

Midrange 
DC 
CH 1 
NORM 
Pushed In 



B TIME/DIV VARIABLE CAL 

CALIBRATOR .IV 



6. Check Low-Voltage Power Supply Ripple 

NOTE 



Triggering controls (both A and B If applicable) 



This step also checks regulation of the low-volt- 
age supplies. 



LEVEL 
SLOPE 
COUPLING 
SO URC E 

Sweep controls 

DELAY-TIME MULTIPLIER 
A and B TIME/DIV 
A VARIABLE 
A SWEEP MODE 
B SWEEP MODE 



Fully clockwise 

-F 

AC 

INT 



Fully counterclockwise 

1 ms 

CAL 

NORM TRIG 

TRIGG ERA BLE AFTER 
DELAY TIME 



a. Test equipment setup Is shown Ir l Flo, h-71 

b. Connect the IX probe to the test oscilloscope Input. 

c. Set the test oscilloscope for a vertical deflection of 
0.005 VO It^ division, AC coupled, at a sweep rate of five 
mllllsecond^dlvlslon. Use line-frequency triggering to pro- 
duce a stable display. 

d. CHECK-Two millivolts (0.4 division) peak-to-peak maxi- 
mum line frequency ripple on the -12-volt, H-12-volt and 
-F75-volt supplies while changing the autotransformer output 
voltage throughout the regulating range selected by the Une 
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Fig. 6 - 3 . Typical IssI oscilloscope display of power-supply ripple 
(60-cycle line). Vertical 0.005 volt/division; sweep rale, five 
milliseconds/ division. 




Voltage Selector assembly on the rear panel. Power-supply 
test points are shown in Fla. 6-4. IFia. 6-8~k hows a typical test 
oscilloscope display of ripple. 

e. Return autotransformer output voltage to the center of 
the regulating range selected by the Line Voltage Selector 
assembly. (If the line voltage is near the center of the reg- 
ulating range, the Type 453 may be connected directly to the 
line: othen/vise, leave the instmment connected to the auto- 
transfoimer for the remainder of this procedure.) 

f. Disconnect all test equipment. 

7. Adjust Trace Alignment O 

a. Set the A SWEEP MODE switch to AUTO TRIG. 



Fig. 6 - 9 . location of TRACE ROTATION adiustment I side panel) . 



b. Advance the INTENSITY control until the troce is visible. 

c. Turn the Channel 1 POSITION control to move the trace 
to the center horizontal line. 

d. Set the FOCUS control for as sharp a display as pos- 
sible. 

e. CHECK-The trace should be parallel with the center 
horizontal line. 

f. ADJUST-TRACE ROTATION adjustment, R980 |(see Fig| 
6-9), so the trace is parallel to the horizontal graticule lines. 



NOTES 
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Fig. 6-10. Initial tail aquipmanf setup for steps 8 through 1 2. 



CRT controls 

INTENSITY 

FOCUS 

SCALE ILLUM 



Midrange 

Adjust for focused dis- 
play 

As desired 



HORIZ DISPLAY 
MAG 

A SWEEP LENGTH 

POSITION 

POWER 



A 

OFF 
FULL 
Midrange 
O N 



Vertical controls [both channels If applicable) 



VOLTS/DIV 

VARIABLE 

POSITION 

Input Coupling 

MODE 

TRIGGER 

INVERT 



20 mV 
CAL 

Midrange 
DC 
CH 1 
NORM 
Pushed In 



Sde-panel controls 

B TIME/DIV VARIABLE 
CALIBRATOR 

8. Adjust Astigmatism 

a. Test equipment setup Is 



CAL 

.IV 



o 

wn In i Fla. 6-l0l 



Triggering controls (bath A and B If applicable) 



b. Connect the time-mark generator (Type 184) to the 
Channel 1 INPUT connector with a 42-Inch BNC cable. 



LEVEL 

SLOPE 

COUPLING 

SOURCE 

Sweep controls 

DELAY-TIME MULTIPLIER 
A and B TIME/DIV 
A VARIABLE 
A SWEEP MODE 
B SWEEP MODE 



0 

-F 

AC 

INT 



Fully counterclockwise 

1 ms 

CAL 

AUTO TRIG 
TRIGG ERA BLE AFTER 
DELAY TIME 



c. Set the time-mark generator for 1- and 0.1-mllllsecond 
markers. 

d. Set the CH 1 VOLT^DIV switch so the large markers 
extend beyond the bottom and the top of the graticule area. 

e. Set the A LEVEL control fora stable display. 

f. CHECK-Markers should be well defined with optimum 
setting of FOCUS control. 

g. ADJUST-FOCUS control and ASTIG adjustment, R985 
(see l Flo, h-ll i. for best definition of the markers 
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Fig. 6-11. Location of ASTIG adjustment (side panel) 

9. Adjust Y Axis Alignment O 

a. CHECK-The markers should be parallel to the center 
vertical line (se d Fig. fi-IPA ). 

b. ADJUST-Y Axis Align adjustment, Rdfidrsee l Fig . R-Tb Rl. 
to align the markers with the center vertical line. 

10. Adiust CRT Geometry O 

a. Set the horizontal POSITION and the A VARIABLE con- 
trols so a large marker coincides with each vertical graticule 
line. 

b. CHECK-Bowing and tilt of markers at left and right 
edges of the graticu ifZeaZEB shows a typical display of 
good geometry as well as examples of poor geometry. 

c. ADJ UST-G eometry adjustment, R982 (see l Fin. f>-1B DI. 
for minimum bowing of the trace at the left and right edges 
of the graticule. 

d. INTERACTIO N-Rec hec k step 9. 

e. Disconnect the time-mark generator. 

f. Position the trace to the top of the graticule area. 

g. C HEC K-Deviation from straight line should not exceed 
0.1 division. 

h. Position the trace to the bottom of the graticule area. 

I. C HEC K-Deviation from straight line should not exceed 
0.1 division. 

11. Adjust Channel 1 and 2 Step O 

Attenuator Balance 

a. Position the trace to the center horizontal line with the 
Channel 1 POSITION control. 




Fig. 6 - 12 . (A) Typical CRT display showing correct Y-axis align- 
ment, (Bl location of Y Axis Align adjustment Heft side) . 

b. Change the following control settings: 

VOLTS/DIV 

(CH 1 and 2) 20 mV 

Input Coupling 

(CH 1 and 2) G N D 

c. CHECK-Change the CH 1 VOLTS/DIV switch from 20 
mV to 5 mV. Trace should not move vertically. 

N 0 TE 

Use the TRACE FINDER switch to locate the trace 
if it is deflected off screen when switching to 10 
or 5 mV. 

d. ADJ UST-Channel 1 STEP ATTEN BAL adjustment, R30 
(see l Fig. 6-14 ). for no trace shift as the CH 1 VOLTS/DIV 
switch is changed from 20 mV to 5 mV. 

e. Set the MODE switch to CH 2. 

f. Position the trace to the center horizontal line with the 
Channel 2 POSITION control. 

g. CHECK-Change the CH 2 VOLTS/DIV switch from 20 
mV to 5 mV. Trace should not move vertically. 
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6-13. (A) Typical CRT display showing good goomoiry; IBI and I Cl poor goomotry; ID) Location of Geometry adjustment (Z Axis 

Amplifier circuit board! . 



h. ADJ UST-Channel 2 STEP ATIEN BAL adjustment, R130 
(se el Fig. 6-14 T. for no trace shift as the CH 2 VOLWDIV 
switch ischanged from 20 mV to 5 mV. 

12. Adjust Channel 1 and 2 O 

Position Center 

a. Connect the precision DC voitmeter between the Chan- 
nei 2 position centertest point (pin connector 'Z) on the Verti- 
cai Preamp board (se b Fig. 6TB ) and chassis ground. 

b. Set the Channei 2 POSTIION controi for a meter read- 
ing of zero voits. (The dot on the POSmON controi shouid 
be centered mechanicaiiy. If not, loosen the set screw and 
reposition the knob.) 

c. CHECK-Trace should be at the center horizontal line. 

d. ADJUST-CH 2 Position Center adjustment, R155 (see 
I hip, b-1 a ), to position the trace to the centerline. 

e. Set the MODE switch to CH 1. 

f. Connectthe precision DC voltmeter between the Chan- 
nel 1 position centertest point (pin connector W) on the 
Vertical Preamp board (se fe Flo. 6-13 ) and chassis ground. 

g. Set the Channel 1 POSITION control fora meter read- 
ing of zero volts. (The dot on the POSmON control should 
be centered mechanically. If not, loosen the set screw and 
reposition the knob.) 



h. CHECK-Trace should be at the center horizontal line. 

i. ADJUST-CH 1 Position Center adjustment, R55 (see 
I ho. b-lbl) . to position the trace to the centerline. 

j. INTERACTION-Recheck step 11. 

k. Disconnect all test equipment. 




Fig. 6-14. Location of Channel I and 2 STEP ATTEN BAL adjud- 
ments (front panel!. 






6-15 





Fig. 6-15. Location of Channel 1 and 2 position center test points and adjustments (Vertical Preamp circuit board) . 



NOTES 



6-16 




TM 



11 - 6625 - 1722-15 




BNC T 
«©nn«eJor 



Standard 

amplitude 



! 8-inch 



BNC coble 



Fig. 6 - 16 . Initial test equipment letup for slept T 3 through 21. 



CRT controls 

INTENSITY 
FOCUS 
SCALE ILLUM 



Midrange 

Adjust for foe used display 
As desired 



HORIZ DISPLAY 
MAG 

A SWEEP LENGTH 

POSITION 

POWER 



A 

OFF 

FULL 

Midrange 

ON 



Vertical controls (both channels if applicable] 



Side-panel controls 



VOLT5/DIV 


20 mV 


B TIME/DN VARIABLE 


CAL 


VARIABLE 


CAL 


CALIBRATOR 


.IV 


POSITION 


Midrange 






Input Coupling 


DC 




and 2 Gain 


MODE 


CH 1 


13. Adjust Channel 1 


TRIGGER 


NORM 


a. Test equipment setup is 


shown irl Flo. 6-161 


INVERT 


Pushed in 



Triggering controls (both A 

LEVEL 

SLOPE 

COUPLING 

SOURCE 

Sweep controls 

DELAY-TIME MULTIPLIER 
A and B TIME/DIV 
A VARIABLE 
A SWEEP MODE 
B SWEEP MODE 



nd B if applicable) 

0 

+ 

AC 

INT 



Fully counterclockwise 

.5 ms 

CAL 

AUTO TRIG 
TRIGG ERA BLE AFTER 
DELAY TIME 



b. Connect the standard amplitude calibrator (067-0502-00) 
output connectorto the Channel 1 and 2 INPUT connectors 
through a BNC Tconnectorand two 42-inch BNC cables. 

c. Set the standard amplitude calibrator for a 0.1-volt 
square-wave output. 

d. Position the display to the center of the graticule with 
the Channel 1 POSmON control. 

e. CHECK-CRT display exactly five divisions in amplitude 
(se i Fig. 6T1 7A). 

f. ADJ UST-Channel 1 GAIN adjustment, R90 |(see Fig.| 
6-17B], for exactly five divisions of deflection. 

g. Set the MODE switch to ADD. 
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Channei 1 Chonnei 7 

GAIN GAIN 

181 



Fig. 6-17. (Al Typical CRT display showing correct gain adjust- 
ments; (B) location of Channel 1 and 2 GAI N adjustments (front 
panel ) . 

h. Pull the INVERT switch. 

I. CHECK-CRT display for straight line. 

j. ADJ UST-C ha nnel 2 GAIN adjustment, R190 |(see Fi^ 
6-17B), for straight line display. 

14. Check Added Mode Operation 

a. Push the INVERT switch in. 

b. Set the standard amplitude calibrator for a 50-milli- 
volt square-wave output. 

c. CHECK-CRT display five divisions in amplitude. 

15. Check Chanel 1 and 2 Deflection 
Accuracy 

a. Set the MODE switch to CH 1. 

b. Set the Channel 2 Input Coupling switch to GND. 

c. CHECK-Using the CH 1 VOLTS/DIV switch and stand- 
ard amplitude calibrator settings given in i la hie h-IL check 
vertical deflection within 3% in each position of the CH 1 
VOLTS/DIV switch. 

d. Set the MODE switch to CH 2. 



e. Set the Channel 1 Input Coupling switch to GND and 
Channel 2 Input Coupling switch to DC. 

f. CHECK-Using the CH 2 VOLTS/DIV switch and stand- 
ard amplitude calibrator settings given in i la hie h-U check 
vertical deflection within 3% in each position of the CH 2 
VOLTS/DIV switch. 



TABLE 6-1 



VOLTS/DIV 

Switch 

Setting 


Standard 

Amplitude 

Calibrator 

Output 


Vertical 
Deflection 
In Divisions 


Maximum 
Error for 
±3% 
Accuracy 
( divisions ) 


5 mV 


20 millivolts 


4 


^0.12 


10 mV 


50 millivolts 


5 


±0.15 


20 mV 


0.1 volt 


5 


Previously 
set in step 13 


50 mV 


0.2 volt 


4 


±0.12 


.1 


0.5 volt 


5 


±0.15 


.2 


1 volt 


5 


±0.15 


.5 ^ 


2 volts 


4 


±0.12 


1 


5 volts 


5 


±0.15 


2 


10 volts 


5 


±0.15 


5 


20 volts 


4 


±0.12 


10 


50 volts 


^ 


±0.15 



16. Check Channel 1 and 2 Variable Volts/ 
Division Range 

a. Set the standard amplitude calibrator for a 0.1-volt 
square-wave output. 

b. Change the following control settings: 

VOLTS/DIV 

(CH 1 and 2) 20 mV 

Input Coupling 

(CH 1 and 2) AC 

MODE CH 1 

c. CHECK-Turn the Channel 1 VARIABLE VOLTS/DIV 
control fully counterclockwise. Display should be reduced to 
two divisions or less (se t Flo. 6-11 8). Channel 1 UNCAL light 
must be on when Channel 1 VARIABLE control is not in CAL 
position. 

d. Set the MODE switch to CH 2 

e. CHECK-Turn the Channel 2 VARIABLE VOLTS/DIV 
control fully counterclockwise. Display should be reduced to 
two divisions or less (se b Flo. 6-1 8). Channel 2 UNCAL light 
must be on when Channel 2 VARIABLE control is not in CAL 
position. 

f. Disconnect the cable from the Channel 2 INPUT con- 
nector. 



17. Check Channel 1 and 2 Cascaded Deflec- 
tion Factor 

a. Connect the CH 1 OUT connector to the Channel 1 
INPUT connector with the 18-inch 50-ohm BNC cable. 
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l. CHECK-CRT display for straight line near the center 
horizontal line. 

m. Set the Channel 1 Input Coupling switch to AC. 

n. CHECK-CRT display centered about center horizontal 

line. 

19. Check Low-Frequency Vertical Linearity 

a. Set the Channel 1 and 2 Input Coupling switches to DC . 

b. Position the display to the center of the graticule with 
the Channel 1 POSITION control. 



Fig. 6 - 18 . Typical CRT display showing adoqualo Channt1 1 and 2 
VARIABLE control rango Idoubio • xposuro). 



b. Change the following control settings: 

VOLTS/DIV 

(CH 1 and 2) 5 mV 

VARIABLE (CH 1 and 2) CAL 
Input Coupling 

(CH 1 and 2) DC 

c. Set the standard amplitude calibrator for a five-milli- 
volt square-wave output. 

. d. CHECK — CRT display five divisions or greater in ohipli- 
rude (one millivolt/division, or less, minimum deflection factor). 



18. Check Channel 1 and 2 Input Coupling 
Switch Operation 

a. Set the CH 1 and CH 2 VOLTS/DIV switches to 20 mV. 

b. Disconnect the 18-inch BNC cable from the Channel 2 
INPUTconnectorand reconnectthe standard amplitude cali- 
brator to the Chonnel 2 INPtJT connector. 

c. Set the standard amplitude calibrator for a 50-millivolt 
square-wave output. 

d. Position the display with the Channel 2 POSmON con- 
trol so the bottom of the square wave is at the center hori- 
zontal line. 

e. Set the Channel 2 Input Coupling switch to GND. 

f. CHECK-CRT display for straight line near the center 
horizontal line. 

g. Set the Channel 2 Input Coupling switch to AC. 

h. CHECK-CRT display centered about center horizontal 
line. 

i. Set the MODE switch to CH 1. 

j. Position the display with the Channel 1 POSmON con- 
trol so the bottom of the square wave is at the center hori- 
zontal line. 

k. Set the Channel 1 Input Coupling switch to GND. 
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(C) 


Cempreslion 



Fig. 6-19. Typical CRT diiplay ihowing accaptable comprauion and 
•xpandon. (A) Expantion, (B) corraci daflactlon at eantar of 
grallcula, (C) comprattion. 
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c. Adjust the Channel 1 VARIABLE control for exactly two 
divisions of deflection. 

d. Position the top of the display to the top horizonal line. 

e. CHECK-Comp cession or expansion 0.15 division or 
less (se tt Flo. h-llB L 

f. Position the bottom of the display to the bottom hori- 
zonal line. 

g. CHECK-Comp cession or expansion 0.15 division or 
less (se d Fig. S3). 

h. Set the MODE switch to CH 2. 

i. Position the display to the center of the graticule 
with the Channel 2 POSmON control. 

j. Set the Channel 2 VARIABLE control for exactly two 
divisions of deflection. 

k. Position the top of the display to the top horizontal 
line. 

l. CHECK-Compression or expansion 0.15 division or 
less (see l Flo. I 6-19 ). 

m. Position the bottom of the display to the bottom hori- 
zontal line. 

n. CHECK-Compression or expansion 0.15 division or 
less (se el Flo. f)-l<» 1. 

o. Disconnect all test equipment. 



20. Check Trace Shift Due to Input Gate 
Current 

a. Change the following control settings: 

VOLTS/DIV 

(CH 1 and 2) 5 mV 

VARIABLE (CH 1 and 2) CAL 
Input Coupling 

(CH 1 and 2) GND 

b. Position the trace to the center horizontal line with the 
Channel 2 POSTTION, control. 

c. CHECK-Set the Channel 2 Input Coupling switch to 
DC. Trace shift should be negligible. 

d. Set the MODE switch to CHI. 

e. Position the trace to the center horizontal line with the 
Channel 1 POSmON control. 

f. CHECK-Set the Channel 1 Input Coupling switch to DC. 
Trace shift should be negligible. 

21. Check Alternate, Operation 

a. Set the MODE switch to ALT. 

b. Position the traces about two divisions apart. 

c. Turn the A TIME/DIV switch throughout itsrange. 

d. CHECK-Trace alternation between Channel 1 and 2 at 
all sweep rates. At faster sweep rates, alternation is not 
apparent; instead display appears as two traces on the screen. 



NOTES 
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Fig. 6 - 20 . Initial test aqulpmanl setup for steps 22 through 24. 



CRT controls 

INTENSITY 
FOCUS 
SCALE ILLUM 



Midrange 

Adjust for focused display 
As desired 



HORIZ DISPLAY 
MAG 

A SWEEP LENGTH 

POSITION 

POWER 



A 

OFF 

FULL 

Midrange 
O N 



Vertical controls (both channels if applicable) 



VOLTS/DIV 


20 mV 


VARIABLE 


CAL 


POSITION 


Midrange 


Input Coupling 


DC 


MODE 


CH 1 


TRIGGER 


NORM 


INVERT 


Pushed in 



Side-panel controls 

B TIME/DIV VARIABLE CAL 

CALIBRATOR .1 V 



22. Adjust Channel 1 and 2 Volts/ O 

Division Switch Series Compensation 



Triggering controls (both A and B if applicable) 



a. Test equipment setup is shown in i Flo. 6-201 



LEVEL 

SLOPE 

COUPLING 

SOURCE 



Clockwise 

+ 

AC 

INT 



b. Connect the square-wave generator (Type 106) high- 
amplitude output connector to the Channel 1 INPUT con- 
nector through the five-nanosecond GR cable, 5X GR attenu- 
ator and 50-ohm in-line termination in given order. 



Sweep controls 

DELAY-TIME MULTIPLIER 
A and B TIME/DIV 
A VARIABLE 
A SWEEP MODE 
B SWEEP MODE 



Fully counterclockwise 

.2 ms 

CAL 

AUTO TRIG 
TRIGGERABLE AFTER 
DELAY TIME 



c. Set the square-wave generator for four divisions of one- 
kilohertz signal. 

d. Set the A LEVEL control for a stable display. 

e. CHECK-CRT display at each CH 1 VOLTS/D IV switch 
setting listed ir i Table O for optimum square corner l(.t;pp Fig I 
6-21 A, B and C). 
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Ftg. 6-2 1 . (A) Typical CRT display showing correct compensation; • B) and (C) incorrect compensation; (D) location of variable capacitors 
(bottom view). 



f. ADJUST-CH 1 VOLT5/DIV switch series compensation 
as given i ii Table 6-E for optimum square comer on the dis- 
piay. Readjust the generator output with each setting of the 
CH 1 VOLT^DIV switch (remove 5X attenuator as required) 
to provide four divisions of deflection J Ho. h-2 I D shows the 
iocation of the variable capacitors. 

g. Disconnect the signai from the Channei 1 iNPUT con- 
nector and reconnect it to the Channei 2 iNPUT connector 
through the five-nanosecond GR cable, 5X GR attenuator 
and 50-ohm in-line termination. 

h. Set the MODE switch to CH 2. 

i. CHECK-CRT display at each CH 2 VOLTS/DI V switch 
setting listed ir l la hie h-21 for optimum square comer [fsee Fieri 
6-21A, B and C). 

TABLE 6-2 



Channel 1 and 2 VOLTS/DIV Series Compensation 



CH 1 


Channel 1 


Channel 2 


VOLTS/DIV 


Series 


Series 


Switch Setting 


Compensation 


Compensation 


50mV 


C6C 


C106C 


.1 


C7C 


C107C 


.2 


CSC 


Close 


2 


C9C 


C109C 



j. ADJUST-CH 2 VOLTS/DIV switch series compensation 
as given in i Ta ble 6-2 1 for optimum square corner on the 
display. Readjust the generator output with each setting of 
the CH 2 VOLTS/DIV switch (remove 5X attenuator as 
required) to provide four divisions of deflection t Pro. 6-2I D 
shows the location of the variable capacitors. 

k. Disconnect the test equipment from the Channel 2 INPUT 
connectar. 

23. AcJjust Channel 1 and 2 Volts/ O 

Division Shunt Compensation 

a. Connect the square-wave generator high-amplitude out- 
put connector to the Channel 2 INPUT connector through 
the five-nanosecond GR cable, 5X GR attenuator, 50-ohm 
in-line termination and 20 pF input RC normalizer, in given 
0 rd e r. 

b. Set the CH 2 VOLTS/DIV switch to 20 mV. 

c. Set the square-wave generator for four divisions of 
one-kilohertz signal. 

d. CHECK-CRT display at each CH 2 VOLTS/DIV switch 
setting listed in i lable b-B I for optimum flat top (se e Mo. b-J lA. 
B and C). 

e. ADjUST-CH 2 VOLTS/DIV switch shunt compensation 
as given in I Table 6-B f or optimum flat top on the display. 






6-22 




TM 



11 - 6625 - 1722-15 



Readjust the generator output with each setting of the CH 2 
VOLT5/DIV switch [remove the 5X attenuator as required) 
to provide four divisions of defection (oniy about three 
divisions obtainabie in 2 positionl. l Fig. 6-2it ) shows the 
iocation of the variabie capacitors. 

f. Disconnect the signai from the Channei 2 INPUT con- 
nector and reconnect it to the Channei 1 INPUT connector 
through the five-nanosecond GR cabie, 5X GR attenuator, 
50-ohm in-iine termination and 20 pF input RC normaiizer, 
in given order. 

g. Set the MODE switch to CH 1. 

h. CHECK-CRT dispiay at each CH 1 VOLT^DIV switch 
setting iisted in Tobie 6-3 for optimum square comer (see 

I Fig. 6-21 A. B and C). 

i. ADJUSTCH 1 VOLTSfDIV switch shunt compensation 
as given in ITahie 6-3 t or optimum fiat top on the dispiay. 
Readjust the generator output with each setting of the CH 
1 VOLWDIV switch (remove 5X attenuator as required) to 
provide four divisions of deflection (oniy about three divi- 
sions obtainabie in 2 position). iFig. 6-21ID shows the iocation 
of the variabie capacitors 

j. Disconnect aii test equipment. 

TABLE 6-3 



Channei 2 VOLWDIV Shunt Compensation 



CH 2 


1 Channei 1 


Channel 2 


VOLTS/DIV 


shunt 


shunt 


Switch Setting 


compensation 


compensation 


20 mV 


C17 


C117 


50 mV 


C6B 


C106B 


.1 


C7B 


C107B 


.2 


C8B 


C108B 


.5 


Adiust Cll for 


Adjust cm for 


1 


best compromise 


best compromise 


2 


C9B 


C109B 



24. Adjust High-Frequency Compensation O 

SELECTED COMPONENTS 

The Verticai Preamp circuit board has four seiected 
components which provide high-frequency com- 
pensation for various devices within the Verticai 
Defiection System. It should not be necessary to 
re-select these components unless the devices for 
which they compensate have been changed. Use 
ITabie 6-4 I to seiect these components. If more 
than one component needs to be selected, select 
the components in the order given in this tabie. 

Aii of the seiected components except R195 are 
mounted in sockets in the circuit board to faciiitate 
seiection. The location of each seiected component 
is shown on iHo. 6^2211 labie 6-41 iists the range of 
component vaiues which provide correct compen- 
sation. 



C38 and C 138 are seiected from among the foi- 
iowing capacitors 



.001 pF 


283-0067-00 


200 V 


±10% 


.0015 


283-0114-00 


200 V 


±20% 


.0022 


283-0119-00 


200 V 


15% 


.0027 


283-0142-00 


200 V 


±5% 


.0033 


283-0041-00 


500 V 


±5% 


.0047 


283-0083-00 


500 V 


15% 


.01 


283-0079-00 


250 V 


±20% 


C264 is seiected from among 
tors. 


the foiiowing 


capaci- 


14 pF 


281-0577-00 


500 V 


± 5 % 


18 pF 


281-0578-00 


500 V 


+ 5 % 


22 pF 


281-0511-00 


500 V 


±2.2 pF 


27 pF 


281-0512-00 


500 V 


±2.7 pF 


33 pF 


281-0629-00 


600 V 


+5% 


39 pF 


281-0603-00 


500 V 


±5% 


47 pF 


281-0519-00 


500 V 


±4.7 pF 



TABLE 6-4 



Seiected 

Component 


Range of Vaiues (to 
provide a 2 to 3% 
totai compensating ef- 
fect ) 


Device(s) for which 
this provides a com- 
pensating effect 


Conditions for seiect- 
ing (20 mV/DIV, four- 
division 100 kHz, sig- 
nai appiied) 


Seiection procedure 


1. C38 


.001 to .01 pF 


023, 033 


MODE CH 1 
10 p^DIV 
MAG OFF 


Seiect for best fiat top 
over first 2 to 5 micro- 
seconds 


2. C264 


14 to 47 pF 


Deiay iine 


MODE CH 1 
2 ps^DIV 
MAG OFF 


Seiect far best fiat top 
over first 0.2 to 0.6 micro- 
second 


3. C138 


.001 to .01 pF 


0123, 0133 


MODE CH 2 
10 p^DIV 
MAG OFF 


Seiect for best fiat top 
over first 2 to 5 micro- 
seconds 


4. R195 


24 k to 300kfi 


084, 094, 0184, 0194 


MODE CH 2 
2 p^DIV 
MAG OFF 


Seiect for best match of 
Channei 2 to Channei 1 
over first 0.5 microsec- 
ond 
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Fig. 6 - 22 . (A) Typical CRT display showing correct high-frequency compensation (0.5 microseconds/division ) ; (B) typical CRT display 
showing correct high-frequency compensation ( 10 nanoseconds /division) ; (C) location of high-frequency compensation adjustments and 
selected components (Vertical Preamp circuit board) ; (0) location of R328, C328 and C336 (Vertical Output Amplifier circuit board) . 
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a. Change the following control settings: 

VOLTS/DIV(CH 1 and 2) 20 mV 

MODE CH 1 

A and B TIME/DIV .5 gs 

b. Connect the square-wave generator fast-rise + output 
to the Channel 1 INPUT connector through the five-nano- 
second GR cable, 5X GR attenuator and 50-ohm in-line 
termination, in given order. 

c. Set the square-wave generator for fast-rise operation 
and four-division display at 100 kilohertz. 

d. CHECK-CRT display for optimum flat top I (see Fiqj 
6-22A. 

e. ADJUST-C263 and C265 (se d Fig. 6-22 Cf for optimum 
flat top. 

f. Change the following control settings: 

A and B TIME/DIV .2 gs 

MAG X10 

g. CHECK -CRT dis play for optimum square corner and 
flat top (see Fig. 6-2a B). 

NOTE 

In the following steps, change the MAG switch 
from X10 to OFF and compare the response at 
both sweep rates. Then adjust for the best overall 
response. 

h. ADJUST-R49, C49, R328, C336, C328, C54 and C45A, 
in given order, (see I Fi g. 6-22C and D) for optimum square 
corner and flat top. Repeat this adjustmen t until opt imum 
high-frequency response is obtained (similar t d Fig. 6-^ Bl. 

i. Set the MODE switch to CH 2. 

j. Disconnect the 50-ohm in-line termination from the 
Channel 1 INPUT connector and connect it to the Channel 2 
INPUT connector. 

k. CHECK-CRT display for optimum square-wave re- 
sponse similar to Channel 1 response (se ^ Fig. 6-2g Bf. 

l. ADJUST-R149, C149, Cl 54 and C145A (see l Flo. 6-'22 Cf 
for optimum square-wave response similar to Channel 1 
response. Repeat this adjustment until optimum response is 
obtained. 



NOTE 

If response of Channel 1 and 2 cannot be correctly 

matched using this adjustment procedure, see the 

procedure for reselecting R195 given in i Table 6-41 

m. Set the CH 2 VOLTS/DIV switch to 10 mV. 

n. Set the square-wave generator for a four-division 
display. 

0 . CHECK-CRT display for optimum square-wave re- 
sponse (se d Fig. 6-22 Bj. 

p. ADJUST-R144C, C144C and C144A, in given order, 
(see l hio. 8-22 C for optimum square-wave response. Repeat 
this adjustment until optimum response is obtained. 

q. Set the CH 2 VOLTS/DIV switch to 5 mV. 

r. Set the square-wave generator for a four-division 
display. 

s. CHECK-CRT display for optimum square-wave re- 
sponse (se d Fig. 6-22 B1. 

t. ADJUST-R143C, C143C, C143A and L143A | (see Fig.| 
6-22C) for optimum square-wave response. Repeat this 
adjustment until optimum response is obtained. 

u. Change the following control settings: 

MODE CH 1 

CH 1 VOLTS/DIV 5 mV 

V. Disconnect the 50-ohm in-line termination from the 
Channel 2 INPUT connector and connect it to the Channel 
1 INPUT connector. 

w. CHECK-CRT display for optimum square-wave re- 
sponse (se d hig. a- 2 'i B). 

X. ADJUST-R43C, C43C, C43A and L43A (see lFio. 6-'^ Cf 
for optimum square-wave response. Repeat this adjustment 
until optimum response is obtained. 

y. Set the CH 1 VOLTS/DIV switch to 10 mV. 

z. Set the square-wave generator for a four-division dis- 
play. 

aa. CHECK-CRT display for optimum square-wave re- 
sponse (se d Fig. 6-221 B). 

ab. ADJUST-R44C, C44C, and C44A (seel Fi g. 6-2l Cf for 
optimum square-wave response. Repeat this adjustment until 
optimum response is obtained. 

ac. Disconnect all test equipment. 



NOTES 
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Fig. 6 - 23 . Initial ImI tquipmtnt itlup for •lop* 25 through 27. 




C RT c 0 ntro Is 




A SWEEP LENGTH 


FULL 


1 N TEN SITY 
FOCUS 


Midrange 

Adjust for foe used display 


POSITION 

POWER 


Midrange 
0 N 


SCALE ILLUM 


As desired 


Side-panel controls 




Vertical controls (both 


channels if applicable) 


B TlME/DIV VARIABLE 


CAL 


VOLTS/DIV 


20 mV 


CALIBRATOR 


.IV 


VARIABLE 


CAL 






POSITION 
Input Coupling 
MODE 


Midrange 
DC 
CH 1 


25. Check Upper Vertical 
Channel 1 and 2 


Bandwidth Limit 


TRIGGER 

INVERT 


NORM 
Pushed in 


a. Test eouinment setun is shown irl Fio. 6-231 



Triggering controls (both A and B if applicable) 



b. Connect the constant-amplitude sine-wave generator 
(Type 191) to the Channel 1 INPUT connector through the 



LEVEL 

SLOPE 

COUPLING 

SOURCE 



Fully clockwise 

+ 

AC 

INT 



five-nanosecond GR cable, 5X GR attenuator and the 50- 
ohm in-line temiination. 

c. Set the constant-amplitude generatorfora four-division 
display at its reference frequency (50 kHz). 



Sweep Controls 

DELAY-TIME MULTIPLIER 
A and B TIME/DIV 
A VARIABLE 
A SWEEP MODE 
B SWEEP MODE 

HORIZ DISPLAY 
MAG 



Fully counterclockwise 

20 ps 

CAL 

AUTO TRIG 
TRIGG ERA BLE AFTER 
DELAY TIME 
A 

OFF 



d. Without changing the output amplitude, increase the 
output frequency of the generator until the defle ction is 
reduced to 2.8 divisions (-3 dB point; se fe Fig. 6-24 ). 

e. CHECK-Output frequency of generator must be 50 
megahertz or higher. 

f. Set the CH 1 VOLT5/DIV switch to 10 mV. 

g. Set the constant-amplitude generatorfora fourdivision 
display at its reference frequency (50 kHz). 






6-26 



TM 11 - 6625 - 1722-15 




Four*divitIon display at r«f*r»nce fraquancy 



Fig. 6-24. Typical CRT display when checking vertical bandwidth 
(simulated waveform I . 



h. Without changing the output ampiitude, increase the 
output frequency of the generator untii the deflection is 
reduced to 2.8 divisions (-3 dB point; se f; Fig, 

i. CHECK-Output frequency of generator must be 45 
megahertz or higher. 

j. Set the CH 1 VOLTS/DIV switch to 5 mV. 

k. Set the constant-ampiitude generator for a four division 
dispiay at its reference frequency (50 kHz). 

i. Without changing the output ampiitude, increase the 
output frequency of the generator untii the deflection is 
reduced to 2.8 divisions (-3 dB point; se b Fig. 6^ ). 

m. CHECK-Output frequency of generator must be 40 
megahertz or higher. 

n. Set the MODE switch to CH 2. 

0 . Disconnect the output of the in-iine termination from 
the Channei 1 INPUT connectorand connect it to the Chan- 
nei 2 INPUT connector. 

p. Set the constant-amplitude generator for a four-division 
display at its reference frequency (50 kHz). 

q. Without changing the output amplitude, increase the 
output frequency of the generator until the deflection is 
reduced to 2.8 divisions (-3 dB point; se ^ Fig. 6-24 ). 

r. CHECK-Output frequency of generator must be 50 
megahertz or higher. 

s. Set the CH 2 VOLTS/DIV switch to 10 mV. 

t. Set the constant-amplitude generator for a four-division 
display at its reference frequency (50 kHz). 

u. Without changing the output amplitude, increase the 
output frequency of the generator until the deflection is 
reduced to 2.8 divisions (-3 dB point; se b Fig. 6-2H T 

V. CHECK-Output frequency of generator must be 45 
megahertz or higher. 

w. Set the CH 2 VOLTS/DIV switch to 5 mV. 

X Set the constant-amplitude generator for a four-division 
display at its reference frequency (50 kHz). 



y. Without changing the output amplitude, increase the 
output frequency of the generator until the deflection is 
reduced to 2.8 divisions (-3 dB point; se b Flo. 6-2ft ). 

z. CHECK-Output frequency of generator must be 40 
megahertz or higher. 



26. Check AcJdecJ MocJe Upper Bandwith Limit 

a. Change the following control settings: 



VOLTS/DIV (CH 1 and 2) 20 mV 

CH 1 POSITION Midrange 

CH 1 Input Coupling GND 

MODE ADD 



b. Set the constant-amplitude generator for a four-division 
display at its reference frequency (50 kHz). 

c. Without changing the output amplitude, increase the 
output frequency of the generator until the deflection is 
reduced to 2.8 divisions (-3 dB point; se t Flo. 6-2ft ). 

d. CHECK-Output frequency of generator must be 50 
megahertz or higher. 

e. Change the following control settings: 

CH 2 POSITION Midrange 

Ch 1 Input Coupling DC 

CH 2 Input Coupling GND 

f. Disconnect the output of the in-line termination from 
the Channel 2 INPUT connectorand connect it to the Chan- 
nel 1 INPUT connector. 

g. Set the constant-amplitude generator for a four divi- 
sion display at its reference frequency (50 kHz). 

h. Without changing the output amplitude, increase the 
output frequency of the generator until the deflection is 
reduced to 2.8 divisions (-3 dB point; se ir Fig. 6-2t 0. 

i. CHECK-Output frequency of generator must be 50 
megahertz or higher. 



27. Check Channel 1 and 2 Cascaded Upper 
Bandwidth limit 

0 . Connect the CH 1 OUT connector to the Channel 2 
INPUT connector with an 18-inch, 50-ohm BNC cable. 

b. Change the following control settings: 

VOLTS/DIV 5 mV 

MODE CH 2 

c. Set the constant-amplitude generator for a four-division 
display at its reference frequency (50 kHz). 

d. Without changing the output amplitude, increase the 
output frequency of the generator un til the de flection is 
reduced to 2.8 divisions (-3 dB point; se fe Flo. 6^ ). 

e. CHECK-Output frequency of generator must be 25 
megahertz or higher. 

f. Disconnect the cable from between the CHI OUT and 
Channel 2 INPUT connectors. 
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Fig. 6-25. Test equipment setup for steps 28 and 29. 



CRT controls 




MAG 


OFF 






A SWEEP LENGTH 


FULL 


INTENSITY 


Midrange 


POSITION 


Midrange 


FOCUS 


Adjust for foe used display 


POWER 


ON 


SCALE ILLUM 


As desired 


Side-panel controls 




Vertical controls (both channels if applicable) 








B TIME/DIV VARIABLE 


CAL 


VOLTS/DIV 


50 mV 


CAUBRATOR 


.IV 


VARIABLE 


CAL 






POSITION 


Midrange 






Input Coupling 


DC 






MODE 


CH 1 


28. Check Common-Mode Rejection Ri 


TRIGGER 


NORM 






INVERT 


Pushed in 


a. Test equipment setup 


is shown ill Flo. 6-25J 



Triggering controls (both A and B if applicable) 



LEVEL 

SLOPE 

COUPLING 

SOURCE 



Any position 
+ 

A C 
INT 



b. Connect the constant-amplitude generator to the Chan- 
nel 1 and 2 INPUT connectors through the five-nanosecond 
GR cable, 50-ohm in-line tenriination and the dual-input 
coupler. 

c. Set the constant-amplitude generator for a 3.2-division 
display at 20 megahertz. 



Sweep controls 



d. Change the following control settings: 



DELAY-TIME MULTIPLIER 
A and B TIME/DIV 
A VARIABLE 
A SWEEP MODE 
B SWEEP MODE 

HORIZ DISPLAY 



Fully counterclockwise 

.1 ms 

CAL 

AUTO TRIG 
TRIGG ERA BLE AFTER 
DELAY TIME 
A 



VOLTS/DIV (CH 1 and 2) 20 mV 

MODE ADD 

INVERT Pulled out 

e. CHECK-CRT display for 0.4 division deflection, or 
less (common-mode rejection ratio 20:1 or better] see Fig. | 
6-26). 
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Fig. 6-26. Typicol CRT display when checking cemmon-mod* rt|*c- 
llan ratio. 



NOTE 

This check applies aniy when the Channel 1 and 
2 gain is correctly adjusted as given in step 13. 
If the common-mode rejection ratio is lower than 
20:1, check and readjust the gain. Then recheck 
this step. (Transistors Q43, Q54, 0143, Q154 
have the largest effect on common-mode rejection 
ratio.) 

f. Disconnect the dual-input coupler. 

29. Check Attenuator Isolation Ratio 

a. Change the following control settings: 



CH 1 VOLT5/DIV 1 

CH 2 VOLT5/DIV 5 mV 

CH 2 Input Coupling GND 

MODE CH 1 

INVERT Pushed in 



b. Conneetthe constant-amplitude genera torto the Chan- 
nel 1 INPUT connector through the five-nanosecond GR 
cable and the 50-ohm in-line termination. 

c. Set the constant-amplitude generator for a five-division 



Fig. 6-27. Typical CRT display whan chocking attonuater Isolation 
ratio. 

display at 20 megahertz (use the variable control of the 
generator, if necessary, to obtain a five-division display). 

d. Set the MODE switch to CH 2. 

e. CHECK-CRT display for 0.1-division deflect ion, or le ss 
(attenuator isolation ratio 10,000:1 or better, see l Fig. 6- 21 ). 

f. Change the following control settings: 



CH 


1 VOLTS/DIV 


5 mV 


CH 


2 VOLTS/DIV 


1 


CH 


1 Input Coupling 


GND 


CH 


2 Input Coupling 


DC 



g. Conneetthe constant-amplitude generatorto the Chan- 
nel 2 INPUT connector through the five-nanosecond GR 
cable and the 50-ohm in-line termination. 

h. Set the constant-amplitude generator for a five-division 
display at 20 megahertz (use the variable control of the 
generator, if necessary, to obtain a five-division display). 

i. Set the MODE switch to CH 1. 

j. CHECK-CRT display far 0.1-division d eflection o r less 
(attenuator isolation 10,000:1 or better; see l Flo. 6-2T ). 

k. Disconnect all test equipment. 



NOTES 
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Fig. 6-28. Initial t«(t aqulpment letup for itepi 30 through 40. 
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A SWEEP LENGTH 

POSITION 

POWER 



OFF 
FULL 
Midrange 
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Vertical controls (both channels if applicable) 



VOLTS/DIV 

VARIABLE 

POSITION 

Input Coupling 

MODE 

TRIGGER 

INVERT 



50 mV 
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Midrange 
DC 
CH 1 
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Side-panel contnols 

B TIME/DIV VARIABLE CAL 
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30. Adjust A and B Trigger Level 
Centering 

a. Test equipment setup is shown ir i Flo. 0-2HI 



o 



Triggering controls (both A and B if applicable] 



LEVEL 


0 


SLOPE 


+ 


COUPUNG 


AC 


SOURCE 


INT 



b. Connect the constant-amplitude generator to the A 
EXTTRIG INPUT connector through the five-nanosecond GR 
cable, GRto BNC adapter and BNC Tconnector. Connect 
the output of the BNC Tconnector to the Channel 1 INPUT 
connectorthrough an 18-inch 50-ohm BNC cable and a 50- 
ohm BNC termination. 



Sweep controls 

DELAY-TIME MULTIPLIER 
A and B TIME/DIV 
A VARIABLE 
A SWEEP MODE 
B SWEEP MODE 

HORIZ DISPLAY 



Fully counterclockwise 

20 ps 

CAL 

NORM TRIG 
TRIGG ERA BLE AFTER 
DELAY TIME 
A 



c. Set the constant-amplitude generator for a 0.2-division 
display at 50 kilohertz (if necessary, use AUTO TRIG position 
to obtain 0.2-division display). 

d. Be sure the A LEVEL control is set to 0. 

e. CHECK-Stable CRT display (se ^ Flo. 6-l SA). 

f ADJUST-A Trigger Level Center adjustment, R462 (see 
I Fig.li b - 2 9 B ) . for a stable display. 
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Fla. 6-2 9. (A) Typical CRT liitolav when chccklud Iriggar level 
centering, (B) location of the A Trigger Laval Center adjustment 
(A Swoop circuit board I, (C) location of B Trigger Level Canter 
adjuttiiienlt of (B Sweep circuit board). 



g. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B). 

h. Be sure the B L£VEL control is set to 0. 

i. CHECK-Stable CRT display (se t Flo. 6l 9A). 

j ADJ UST-B Trigger Level Center adjustment, R662 (see 
1 1 - 10 . t for a stable display. 

31. Adjust Channel 1 Trigger DC O 

Level and Normal Trigger DC Level 

a. Change the following control settings: 




Fig. 6-30. Location of Channel 1 Trigger and Normal Trigger DC 
level IVertical Preamp circuit board). 



TRIGGER 
A COUPLING 
A SWEEP MODE 
HORIZ DISPLAY 



CH 1 ONLY 
DC 

AUTO TRIG 
A 



b. Move the trace to the center horizontal line with the 
CH 1 POSmON control. 

c. CHECK-Stable CRT display. CH 1 light in both A 
and B Triggering must be on. 

d. ADJ USTChannel 1 Trigger DC Level adjustment, R60 
(see l Fig. 6-301) . for a stable display. 

e. CHECK-Stable CRT display. 

f. ADJ USTNormal Trigger DC Level adjustment, R285 
(se el Flo. 6- .8(11) . for a stable display. 



32. Check A and B Internal Triggering 
Operation 

a. Set the constant-amplitude generator for a 0.2-division 
display at 10 megahertz (use AUTO TRIG position, if neces- 
sary, to obtain display). 

b. Set the A and B TIME/DIV switch to .1 ps 

c. CHECK-Stable CRT display (see l Flo. 6-31A ) can be 
obtained with the A COUPUNG switch set to AC, LF REJ 
and DC (A LEVEL control may be adjusted as necessary to 
obtain stable display). The A 3A/EEP TRIG'D light must be 
on when the display is stable. 

d. Set the constant-amplitude generatorfora one-division 
display at 50 megahertz. 

e. Set the MAG switch to XIO. 

f. CHECK-Stable CRT display (se d Flo. h-Sl B) can be 
obtained with the A COUPLING switch set to AC, LF REJ 
and DC (A LEVEL and HF STAB controls may be adjusted as 
necessary to obtain stable display). Display jitter should not 
exceed 0.1 division (one nanosecond). 

g. Change the following control settings: 

A LEVEL Set for stable A display 

HORIZ DISPLAY DELAYED SWEEP (B) 
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Fig. 6-31. ; A) Typical CRT display when checking internal 10 
megahertz triggering, (Bl typical CRT display when checking internal 
50 megahertz triggering. 



Fig. 6-32. (A) Typical CRT display when checking external 10 
megahertz triggering, (B) typical CRT display when checking external 
50 megahertz triggering. 



h. Set the constant-amplitude generator for one-division 
display at 50 megahertz (as set in part d above). 

i. CHECK-Stable CRT display I see l Fig . Fi-31I R1 can be 
obtained with the B COUPLING switch set to AC, LF REJ 
and DC (B LEVEL control may be adjusted as necessary to 
obtain stable display). 

j. Set the constant-amplitude generator for a 0.2-division 
display at 10 megahertz. 

k. Set the MAG switch to OFF. 

l. C FIEC K-Sta b le CRT display (.see I Fin . b-TII A 1 can be 
obtained with the B COUPUNG switch set to AC, LF REJ and 
DC (B LEVEL control may be adjusted as necessary to obtain 
a stable display). 

33. Check A and B External Triggering 
Operation 

a. Change the following control settings: 



SOURCE (A and B) 


EXT 


HORIZ DISPLAY 


A 


MAG 


0 FF 



b. Set the constant-amplitude generator for a one-division 
display (50 millivolts) at 10 megahertz. 

c. CHECK-Stable CRT display (see l Fig. 6-T7A I can be 
obtained with the A COUPLING switch set to AC, LF REJ 
and DC (A LEVEL control may be adjusted as necessary to 
obtain stable display). 



d. Set the MAG switch to XIO. 

e. Set the constant-amplitude generator for a 2.8-division 
display at 50 megahertz (2.8-divislon display takes into 
occount typical rolloff in vertical response at 50 mHz). 

f. CHECK-Stable CRT display (.see l Fm. h-.-i,f R) can be 
obtained with the A COUPLING switch set to AC, LF REJ 
and DC (A LEVEL and HF STAB controls may be adjusted as 
necessary to obtain stable display). 

g. Disconnect the constant-amplitude generator signal from 
the A EXT TRIG INPUT connector and reconnect it to the B 
EXT TRIG INPUT connector. 

h. Change the following control settings: 

A SOURCE INT 

A LEVEL Set for stable A display 

HORIZ DISPLAY DELAYED SWEEP (B) 

i. CHECK-Stable CRT display (see rFm. h-.-i/l BI can be 
obtained with the B COUPLING switch set to AC, LF REJ 
and DC (B LEVEL control may be adjusted as necessary to 
obtain stable display). 

J. Set the MAG switch to OFF. 

k. Set the constant-amplitude generator for a one-division 
display at 10 megahertz. 

l. CHECK-Stable CRT display (.see l Fig . 6-82k \ ) can be 
obtained with the B COUPLING switch set to AC, LF REJ 
and DC (B LEVEL control may be adjusted as necessary to 
obtain stable display). 

m. Disconnect all test equipment. 
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34 . Check A and B Low-Frequency 
Triggering Operation 

a. Connect the low-frequency constant-amplitude generator 
to the A EXTTRIG INPUT connector through a 50-ohm BNC 
cable and the BNC T connector. Connect the output of the 
BNC Tconnectorto the Channel 1 INPUT connector through 
an 18-inch 50-ohm BNC cable and a 50-ohm BNC termination. 

b. Change the following control settings: 

A and B TME/DIV 5 ms 

HORIZ DISPLAY A 

c. Set the low-frequency generator for a 0.2-division 
display at 60 hertz. 

d. CHECK-Stable CRT display (see l Flo. 6-33A ) can be 
obtained with the A COUPUNG switch set to AC, HF REJ 
and DC (A LEVEL control may be adjusted as necessary to 
obtain stable display). 

e. Set the A and B SOURCE switches to EXT. 

f. Set the low-frequency generatar far a one-division 
display at 60 hertz (50 millivolts). 

g. CHECK-Stable CRT display (see l Fio. 6-888 ) can be 
obtained with the A COUPUNG switch set to AC, HF REJ 
and DC (A LEVEL control may be adjusted as necessary 
to obtain stable display). 

h. Change the following control settings: 

A SOURCE INT 
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Fig. 6-33. (A) Typical CRT display wh*n chacking inlarnal low- 
roguancy triggering at 60 hertz, IB) typical CRT display when 
hewing external low-frequency triggering at 60 hertz. 



A LEVEL Set for stable A display 

HORIZ DISPLAY DELAYED SWEEP (B) 

i. Disconnect the low-frequency generator from the A 
EXTTRIG INPUT connector and reconnect it to the B EXT 
TRIG INPUT connector. 

j. CHECK-Stable CRT display (see l Fig. 6-.T.1 BI can be 
obtained with the B COUPLING switch set to AC, HF REJ 
and DC (B LEVEL control may be adjusted as necessary to 
obtain stable display). 

k. Set the B SOURCE switch to INT. 

l. Set the low-frequency generator for a 0.2-division dis- 
play at 60 hertz. 

m. CHECK-Stable CRT display (see l Fio. 6-33A ) can be 
obtained with the B COUPUNG switch set to AC, HF REJ 
and DC (B LEVEL control may be adjusted as necessary to 
obtain stable display). 



35. Check A and B High-Frequency 
Reject Operation 

a. Change the following control settings: 

COUPLING (A and B) HF REJ 

A and B TIME/DIV 20 ps 

A SWEEP MODE AUTO TRIG 

b. Set the low-frequency constant-amplitude genera torfor 
a 0.2-division display at 50 kilohertz. 

c. CHECK-Stable CRT display (see l Fig. 6-.T41 can be 
obtained with the B LEVEL control. 

d. Without changing the output amplitude, set the low- 
frequency generatarto one megahertz. 

e. Set the MAG switch to XIO. 

f. CHECK-Stable display cannot be obtained at any 
setting of the B LEVEL control. 




Fig. 6-34. Typical CRT display wh*n shacking high-fr*qutncy r*|*cl 
oparalion at 50 kiiohartz. 
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g. Change the following control settings: 

A SWEEP MODE NORM TRIG 

HORIZ DISPLAY A 

MAG OFF 

h. Set the low-frequency generator for a 0.2-dlvlslon dis- 
play at 50 kilohertz. 

i. C FIEC K-Sta ble CRT display (see I Fm . h-.-i4l can be 
obtained with the A LEVEL control. 

j. Without changing the output amplitude, set the con- 
stant-amplitude generator to one megahertz. 

k. Set the MAG switch to XIO. 

l. CHECK-Stable display cannot be obtained at any 
setting of the A LEVEL control. 



36. Check A and B Low-Frequency 
Reject Operation 

a. Set the low-frequency generator for a 0.2-division dis- 
play at 30 kilohertz. 

b. Change the following control settings: 

COUPLING (A and B) LF REJ 

A and B TIME/DIV .1 ms 

c. C FIEC K-Sta b le CRT display (see | Fig. 6-35| can be 
obtained with the A LEVEL control. 

d. Without changing the output amplitude, set the low- 
frequency generator to 60 hertz. 

e. Set the A and B TIME/DIV switch to 2 ms. 

f. CFIECK- Stable CRT display cannot be obtained at any 
setting of the A LEVEL control. 

g. Change the following control settings: 

A and B TIME/DIV .1 ms 

A SWEEP MODE AUTO TRIG 

HORIZ DISPLAY DELAYED SWEEP [B) 




Fig. 6-35. Typical CRT display when checking low-freauencv reiect 
operation at 30 kiloherti. 



c. Set the A LEVEL control fully clockwise. 

d. Set the A SWEEP MODE switch to SINGLE SWEEP. 

e. Push the RESET button. 

f. CHECK-RESET light must come on when button is 
pressed and remain on until sweep is triggered. 

g. Slowly rotate the A LEVEL control counterclockwise. 

h. CHECK-A single-sweep display (one sweep only) is 
presented when the A LEVEL control is in the triggerable 
region. RESET light must go off at the end of the sweep 
and remain off until the RESET button is pressed again. 



38. Cireck A and B Slope Switcir Operation 

a. Change the following control settings: 

A LEVEL 0 

A SWEEP MODE NORM TRIG 



h. Set the low-frequency generator for a 0.2-divisian 
display at 30 kilohertz (as set in part a of this step). 

I. CHECK-Stable CRT display (see I Flo . 6-351 can be 
obtained with the B LEVEL control. 

j. Without changing the output amplitude, set the low- 
frequency generator to 60 hertz. 

k. Set the A and B TIME/DIV switch to 2 ms. 

l. CHECK-Stable CRT display cannot be obtained at 
any setting of the B LEVEL control. 

37. Cireck Single Sweep Operation 

a. Change the following control settings: 

COUPLING (A and B) AC 

A and B TIME/DIV 5 ms 

HORIZ DISPLAY A 

b. Set the low-frequency generator for a five-division 
display at one kilohertz. 



b. Set the low-frequency generator for a four-division 
display at one kilohertz. 

c. CHECK-CRT display starts on the positive slope of 
the waveform (se A Fla. 6-3E A1. 

d. Set the A SLOPE switch to -. 

e. CHECK-CRT display starts on the negative slope of 
the waveform (se a Fia. b-36 B). 

f. Set the A SWEEP MODE switch to AUTO TRIG. 

g. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B). 

h. CHECK-CRT display starts on the positive slope of 
the waveform (se t Fro. h-.-iR A). 

i. Set the B SLOPE switch to -. 

j. CHECK-CRT display starts on the negative slope of 
the waveform (se t Fro. 6-.-I 6BT 

k. Disconnect all test equipment. 
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Fig. 6-36. Typical CRT display whan chacicing tiapa switch opara- 
tian. (A) SLOPE switch sat to +, (B) SLOPE switch sot to — . 



39. Check A and B Level Control Range 

a. Connect the law-frdquency generator to the B EXT 
TRIG INPUT connector through a 42-Inch BNC cable and 
the BNC T connector. Connect the output of the BNC T 
connector to the Channel 1 INPUT connector through an 18- 
Inch BNC cable. 



b. Change the following control settings: 



Cl-f 1 VOLTS/DIV 
COUPLING (A and B) 
LEVEL (A and B) 

B SOURCE 



1 

DC 

Midrange 

EXT 



c. Set the low-frequency generator for a four-division 
display [four volts peak to peak) at one kilohertz. 

d. CHECK — Rotate the B LEVEL control throughout its 
range and check that display can be triggered (stable dis- 
play) at any point along the negative slope of the waveform 
(indicates B LEVEL cantrol range of at least + and - twa 
vabs). Display is not triggered at either extreme of ratation. 

e. Set the B SLOPE switch to +. 



i. Set the low-frequency generator for a four-division 
display (40 volts peak to peak) at one kilohertz. 

j. CHECK-Rotate the B LEVEL control throughout its 
range and check that display can be triggered at any point 
along the positive slope of the waveform (indicates B LEVEL 
control range of at least + and -20 volts). Display is not 
triggered at either extreme of rotation. 

k. Set the B SLOPE switch to -. 

l. CHECK-Rotate the B LEVEL control throughout its 
range and check that display can be triggered at any point 
along the negative slope of the waveform. Display is not 
triggered at either extreme of rotation. 

m. Change the following central settings: 

A SOURCE EXT ■=■ 10 

A SWEEP MODE NORM TRIG 

HORIZ DISPLAY A 

n. Disconnect the low-frequency generator from the B 
EXT TRIG INPUT connector and reconnect it to the A EXT 
TRIG INPUT connector. 

a. CHECK-Rotate the A LEVEL control throughout its 
range and check that display can be triggered at any point 
along the negative slope af the waveform (indicates A LEVEL 
control range af at least + and - 20 volts). Display is not 
triggered at either extreme of rotation. 

p. Set the A SLOPE switch to +. 

q. CHECK-Rotate the A LEVEL control throughout its 
range and check that display can be triggered at any point 
along the positive slope of the waveform. Display is not 
triggered at either extreme of rotation. 

r. Change the following control settings: 

CH 1 VOLTS/DIV 1 

A SOURCE EXT 

s. Set the low-frequency generator for a four-division 
display (four volts peak to peak) at one kilohertz. 

t. CHECK-Rotate the A LEVEL control throughout its 
range and check that display can be triggered at any point 
along the positive slope of the waveform (indicates A LEVEL 
control range of at least + and - two volts). Display is 
not triggered at either extreme of rotation. 

u. Set the A SLOPE switch to -. 

V. CHECK-Rotate the A LEVEL control throughout its 
range and check that display can be triggered at any point 
along the negative slope of the waveform. Display is not 
triggered at either extreme of rotation. 



f. CI-IECK-Rotate the B LEVEL control throughout its 
range and check that display can be triggered at any point 
along the positive slope of the waveform. Display is not 
triggered at either extreme of rotation. 

g. Set the CH 1 VOLTS/DIV switch to 10. 

h. Set the B SOURCE switch to EXT + 10. 



w. Disconnect all test equipment. 

40. Check A and B line Triggering Operation 

a. Connect the 10X probe to the Channel 1 INPUT con- 
nector. 
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b. Change the following control settings 



d. CHECK- Stable CRT display triggered on the correct 
slope. 



CH 1 VOLTS/DIV 


10 


SOURCE (A and B) 


LINE 


A and B TME/DIV 


2 ms 



c. Connect the probe tip to the same line-voltage source 
which is connected to this instrument. 



e. Set the HORIZ DISPLAY switch to DELAYED SWEEP 
(B). 

f. CHECK-Stable CRT display triggered on the correct 
slope. 

g. Disconnect all test equipment. 




Fig. 6-37. Initial test equipment setup for steps 41 through 60. 
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41. Check Auto Recovery Time and Operation 

a. Test equipment setup is shown ii i Fig. 6-^ 

b. Connect the time-mark generator to the Channei 1 
INPUT connector through the 42-inch 50-ohm BNC cabie 
and 50-ohm BNC temiination. 

c. Set the time-mark generator for 50-miiiisecond markers. 

CAUTION 

To prevent permanent damage to the CRT phos- 
phor at siow sweep rates, position the baseiine 
of the marker dispiay beiow the viewing area. 

d. CHECK-Stabie dispiay can be obtained with the A 
LEVEL controi. Marker must be at the start af the sweep. 

e. Set the time-mark generator for 0.1-second markers. 

f. CHECK-Sweep free runs and stabie dispiay cannot 
be obtained. If stable display is obtained, marker must not 
be at the start of the sweep. 

42. Adjust Sweep Start and A Sweep O 
C a lib ra tio n 

a. Change the following control settings: 



A TIME/DIV 1ms 

B TIME/DIV 5ps 

HORIZ DISPLAY A INTEN DURING B 

b. Turn the DELAY-TIME MULTIPLIER dial fully counter- 
clockwise. 

c. CHECK-DELAY-TIME MULTIPLIER dial setting 0.20. 

d. ADJUST-lf the DELAY-TIME MULTIPLIER dial is not 
correctly positioned when fully counterclockwise, loosen the 
set screw and reposition the dial to 0.20. 

e. Repeat parts b through d until the DELAY-TIME Multi- 
plier dial is correctly positioned at 0.20. 

f. Set the time-mark generator for one-millisecond markers. 

g. Set the DELAY-TIME MULTIPUER dial to 1.00. 

h. CHECK-Intensified portion of display starts at secand 
marker (se dr Flo. O-.Tit AL 

i. ADJ USTSweep Start adjustment, R758 (se d Fig. 6-.TB C). 
so intensified portion starts at second marker (preliminary 
adjustment). 

j. Set DELAY-TIME MULTIPLIER dial to 9.00. 

k. CHECK-Intensified portion of display starts at tenth 
marker (se d Fig. 6-.TB B). 




Fig. 6-38. (Al Typical CRT diiplay showing inlensifiod portion correctly located at the second marker, (B) typical CRT display showing 
intansined portion correctly located at the tenth marker, 1C) location of Sweep Start and A Sweep Cal adjustments (B Sweep board), ID) 
typical CRT display showing correct final adjustment of Sweep Start and A Sweep Cal dajustments. 






6-37 




TM 



11 - 6625 - 1722-15 



l. ADJ UST-A Sweep Cal adjustment, R5S1 Ksee Fig. 6j 
38C), so intensified portion starts at tenth marker (preliminary 
adjustment], 

m. Set the HORIZ DISPLAY switch to DELAYED SWEEP (B). 

n. Set the DELAY-TIME MULTIPLIER dial to 1.00. 

o. CHECK-Displayed pulse starts at the beginning of the 
sweep (s de Flo. 0-38 D). 

p. ADJUST-Sweep Start adjustment, R758 (se fe hio. b-38 C). 
so displayed pulse starts at the beginning of the sweep. 

q. Set DELAY-TIME MULTIPLIER dial to 9.00. 

r. CHECK-Displayed pulse starts at the beginning of the 
sweep (s de Flo. 6^ D). 

s. ADJ UST-A Sweep Cal adjustment, R531 (see l Fia.1 
I ()-38(] L so displayed pulse starts at the beginning of the 

sweep. 

t. Recheck parts n through s and readjust if necessary. 

43. Adjust Normal Gain O 

a. Set the HORIZ DISPLAY switch to A. 



b. CHECK-CRT display for one marker each division 
between the first-and ninth -division vertical lines |(see ng.| 
6-39A). 

NOTE 

Unless otherwise noted, use the middle eight hori- 
zontal divisions when checking or adjusting timing. 

c. ADJ UST-Normal Gain adjustment, R835 (see l Fig. 6-| 
39B), for one marker each division. The second and tenth 
markers must coincide exactly with their respective graticule 
lines (repositian the display slightly with the horizontal POSI- 
TION control if necessary). 

d. iNTEFLACTlO N-C hec k steps 44-59. 



44. Adjust Magnified Gain O 

a. Set the time-mark generatorforO.l millisecond markers. 

b. Set the MAG switch to XIO. 

c. CHECK-CRT display for one marker each division 
between the first and ninth graticule lines (se b Fig. 6-4D A). 




FLg • 6-39. (A) Typical CRT display showing correct normal gain; 

(B) location of Normal Gain adjustment (6 Sweep circuit board) . 



Fig. 6-40. (A) Typical CRT display showing correct magnified gain; 
(B) location of Mag Gain adjustment ( B Sweep circuit boord). 
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d. ADJUST-Mag Gain adjustment, R845 (se 4 Fla. 8-40 6). 
forone markereach division. The second and tenth markers 
must coincide exactiy with their respective graticuie iines 
(reposition the dispiay siightiy with the horizontai FINE 
controi if necessary). 

e. Position the first eight-division portion of the totai 
magnified sweep onto the viewing area. 

f. CHECK-One marker each division between the first- 
and ninth-division verticai iines: marker at ninth-division 
verticai iine must be within 0.12 division (within 1.5%) of the 
iine when the marker at the first-division verticai iine is 
positioned exactiy. 

g. Repeat this check for each eight division portion of 
the totai magnified sweep iength. 

h. INTERACnON-Check steps 45, 53, 55 and 57. 

45. Adjust Magnifier Register o 

a. Setthe time-mark generatorforfive-miiiisecond markers. 

b. Position the middie marker(three markerson totai mag- 
nified sweep) to the center verticai iine (se b Fio. f)-4Q.A k 

c. Set the MAG switch to OFF. 

d. CFIECK-Middie marker shouid remain at the center 
verticai iine (se d Fig. 6-4IL B). 

e. ADJUST-Mag Register adjustment, R855 |(see Fig. 6-| 
41C], to position the middie markerto the centerverticai iine. 

f. Set the MAG switch to XIO. 

g. Repeat parts b through e untii no shift occurs when 
MAG switch is set to OFF. 



46. Adjust B Sweep Caiibration 



a. Change the foiiowing controi settings: 



DELAY-TIME MULTIPLIER 
A TIME/DIV 
B TIME/DIV 
B SWEEP MODE 

HORIZ DISPLAY 
MAG 



Fully counterclockwise 
2 ms 
1 ms 

TRIGG ERA BLE AFTER 
DELAY TIME 
DELAYED SWEEP (B) 
OFF 



b. Setthe time-markgeneratorforone-millisecond markers. 

c. Set the B LEVEL control for a stable display. 

d. CFIECK-CRT display for one marker each division, 
between the first- and ninth-division vertical lines (se el Fio. I 

I 6-421 M. 

e. ADJ UST-B Sweep Cal adjustment, R741 (se b Fig. 6^ B). 
for one marker each division. 

f. INTERACTION-Check steps 51 and 56. 




Fig. 6-41. Typical CRT display showing eorract magnlMar ragidar. 
(A) MAG switch to X 10, (Bl MAG switch sat to OFF, 1C) loca- 
tion of Mag Ragistar adjustmant IB Swaap circuit board) . 



c. CFIECK-B Sweep length must be between 10.5 and 
11.5 divisions, as shown by 0.5 to 1.5 divisions of display to 
the right of the center vertical line (se b Fio. 6-4B ). Large 
markers indicate divisions and small markers indicate 0.1 
division. 



47. Check B Sweep Length 

a. Set the time-mark generator for 1- and 0.1-millisecond 48. Check A Sweep Length 
markers 

a. Set the HORIZ DISPLAY switch to A. 

b. Move the eleventh large markerto the centerverticai 

line with the horizontal POSmON control (see l Fig. 6-43 ). b. Set the A TIME/DIV a/vitch to 1 ms 
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Fig. 6-42. (A) Typical CRT display showing correct B Sweep cali- 
bration, (B) location of the B Sweep Cal adiustment of IB Sweep 
circuit board) , 




Fig. 6-43. Typical CRT display when checking A and B sweep 
length. 



50. Check A Variable Control Range 



a. Change the following control settings: 



DELAY-TIME MULTIPLIER 
B TIME/DIV 
HORIZ DISPLAY 
A SWEEP LENGTH 



Fully counterclockwise 
1 ms 
A 

FULL 



b. Set the time-mark generator for 10-millisecond markers. 

c. Position the markers to the far left and right graticule 
lines with the horizontal POSmON control. 



d. Turn the A VARIABLE control fully counterclockwise. 



c. Move the eleventh marker to the center vertical line 
with the horizontal POSITION control (see l Flo. 6-4B 1. 

d. CHECK-A Sweep length must be between 10.5 and 
11.5 divisions as shown by 0.5 to 1.5 divisions of display to 
the right of the center vertical line. 

e. Reposition the first marker to the left graticule line. 

f. Turn the A SWEEP LENGTH control to 4 DIV (not in B 
ENDS A detent). 

g. CHECK-A Sweep length must be four divisions or less. 



49. Check B Ends A Operation 

a. Change the following control settings: 



B TIME/DIV 
B SWEEP MODE 

HORIZ DISPLAY 
A SWEEP LENGTH 



.1 ms 

B STARTS AFTER 
DELAY TIME 
A INTEN DURING B 
B ENDS A 



b. Rotate the DELAY-TIME MULTIPUER dial throughout its 
range. 

c. CHECK-CRT display ends after the intensified portion 
at Oil DELAY-TIME MULTIPUER dial settings. 



e. CHECK-CRT display for four-division maximum spacing 
between markers (indicatesadequate range forcontinuously 
variable sweep rates between the calibrated steps; se t Flo. I 
1 6-44)1 UNCAL A OR B light must be on when A VARIABLE 
control is not in CAL position. 



Spacing between markert mutt be four dlvitiont or 
let! for correct VARIABLE control range. 




Fig. 6-44. Typical CRT display when checking A ond B VARIABLE 
control range. 



® 
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51. Check B Variable Control Range 

a. Change the following control settings: 



A TIME/DIV 
B TIME/DIV 
A VARIABLE 
B SWEEP MODE 

HORIZ DISPLAY 



5 ms 
1 ms 
CAL 

TRIGG ERA BLE AFTER 
DELAY TIME 
DELAYED SWEEP (B) 



b. Position markers to the far left and right vertical lines 
of the graticule with the horizontal POSmON control. 



c. Turn the B TIME/DIV VARIABLE control fully counter- 
clockwise. 



d. CHECK-CRT display for four-division maximum spacing 
between markersfindicatesadequate range forcontinuously 
variable sweep rate between the calibrated steps: se d; Flo. I 
I 6-44)1 UNCAL A OR B light must be on when B TIME/DIV 
VARIABLE control is not in CAL position. 



52. Adjust One-Microsecond Timing 

a. Change the following control settings: 



A and B TIME/DIV 


Ips 


HORIZ DISPLAY 


A 


B TIME/DIV VARIABLE 


CAL 



o 




b. Set the time-markgeneratorforone-microsecond mark- 
ers. 

c. CHECK-CRT display for one marker each division 
between the first- and ninth-division vertical lines fsee l Flo. I 

C533^). 

d. ADJUSTC530A (see EflH53SB) for one marker each 
division. 

e. Set the HORIZ DISPLAY switch to DELAYED SWEEP (Bj. 



Fj,o ^ 6-4^., Tvoical CRT dispjay showing cerraet onc-mlcros«cend 
timing, IB) location of C530A and C740A Ibohind twing-out 
lido panel ) . 

f. CHECK-CRT display for one marker each division 
between the first- and ninth-division vertical lines |(see Fig.| 
6-45A). 

g. ADJUSTC740A (see IFig. 6-45S ) for one marker each 
division. 
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Fig. 6-46. I.A) Typical CRT. dicploy ihai«ina csrrart hjah ipasil 
llnaarily, IB) loealion of C882 and C892 IB Sweep circuit board). 

53. Adjust High-Speed Linearity O 

a. Change the following control settings: 

CH 1 VOLTS/DIV 20 mV 

A ond B TIME/DIV .l^is 

HORIZ DISPtAY A 

b. Setthe time-markgeneratorforlO-nanosecond markers. 

c. Position the display horizontally so the sweep starts 
at the left edge of the graticule. 

d. Set the MAG switch to X 10. 

e. CHECK-CRT display for optimum linearity over the 
centereight divisionsof the graticule (s de Flo. 6-4B A). 

f. ADJUST-C882 and C892 (se d Fig. 6-46 B) for optimum 
linearity over the center eight divisions of the graticule (at- 
tempt to keep C882 and C892 nearly equal in capacitance 
by adjusting each capacitor about the same amount). 



54. Check A Sweep liming Accuracy 

a. Change the following control settings: 



CH 1 VOLWDIV .2 

MAG OFF 

b. CHECK-Using the A TIME/DIV switch and time-mark 
generator settings given in Ha hie 6- .5. T heck A sweep timing 
within 0.24 division, over the middle eight divisions of the 
display (within 3%). 

CAUTION 

To prevent possible burning of the CRT phosphor 
at slow sweep rates, position the baseline of the 
marker display below the viewing area. 

TABLE 6-5 



A and B Timing Accuracy 



A and B 
TIME/DIV 
Switch Setting 


Time-Mark 
Generator Output 


CRT Display 
( markers/ 
division ) 


.1 /IS 


0.1 microsecond 


1 


.2 jxs 


0.1 microsecond 


2 


.5 JUS 


0.5 microsecond 


1 


1 JUS 


1 microsecond 


1 


2jus 


1 microsecond 


2 


5 /xs 


5 microsecond 


1 


10 jUS 


10 microsecond 


1 


20 /ts 


10 microsecond 


2 


50 JUS 


50 microsecond 


1 


.1 ms 


0.1 millisecond 


1 


.2 ms 


0.1 millisecond 


2 


.5 ms 


0.5 millisecond 


1 


1 ms 


1 millisecond 


1 


2 ms 


1 millisecond 


2 


5 ms 


5 millisecond 


1 


10 ms 


10 millisecond 


1 


20 ms 


10 millisecond 


2 


50 ms 


50 millisecond 


1 


.1 s 


0.1 second 


1 


.2 s 


0.1 second 


2 


.5 s 


0.5 second 


1 



A Sweep Only 



1 s 


1 second 


1 


2s 


1 second 


2 


5 s 


5 second 


1 



55. Check A Magnified Sweep Accuracy 

a. Set the MAG switch to X 10. 

b. CHECK-Using the A T IME/DIV sw itch and time-mark 
generator settings given in ITable 6-6. I check A magnified 
sweep timing within 0.32 divisions over the middle eight 
divisions of the magnified display (within 4%). Note the por- 
tion of the total magnified sweep length to be excluded from 
the measurement. Magnifier light must be on. 
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TABLE 6-6 

A and B Magnified Accuracy 



A and B 
TIME/DIV 
Switch Setting 


Time-Mark 
Generator Output 


C RT Display 
(ma rkers/ 
division) 


Portions of total magnified 
sweep length to exclude 
from measurement 


.Ips 


10 nanosecond 


1 


First and last three divisions 


.2ps 


10 nanosecond 


2 


First and last 3.5 divisions 


.5ps 


50 nanosecond 


1 


First two divisions 


Ips 


0.1 microsecond 


1 


First division. 


2ps 


0.1 microsecond 


2 


5ps 


0.5 microsecond 


1 


lOps 


1 microsecond 


1 


20 ps 


1 microsecond 


2 


50 ps 


5 microsecond 


1 


.1 ms 


10 microsecond 


1 


.2 ms 


10 microsecond 


2 


.5 ms 


50 microsecond 


1 


1 ms 


0.1 millisecond 


1 


2 ms 


0.1 millisecond 


2 


5 ms 


0.5 millisecond 


1 


10ms 


1 millisecond 


1 


20 ms 


1 millisecond 


2 


50 ms 


5 millisecond 


1 


.Is 


10 millisecond 


1 


.2 s 


10 millisecond 


2 


.5 s 


50 millisecond 


1 


A Sweep Only 


Is 


0.1 second 


1 


2s 


0.1 second 


2 


5s 


0.5 second 


1 



56. Check B Sweep Timing Accuracy 

a. Set the MAG switch to OFF. 

b. Set the HORIZ DiSPLAY switch to DELAYED SWEEP (B). 

c. CHECK-Using the A and B TIME/DIV switch and time- 
mark generator settings given in i Ta hie 6-5.1 check B sweep 
timing within 0.24 division over the middie eight divisions 

of the dispiay (within 3%). 



57. Check B Magnified Sweep Accuracy 

a. Set the MAG switch to XIO. 

b. CHECK-Using the A and B TIME/DIV switch and time- 
mark generator settings given lin Table ~^ -6. check B magni- 
fied sweep timing within 0.32 division over the middle eight 
divisions of the magnified display (within 4%). Note the 
portions of the total magnified sweep length to be excluded 
from the measurement. 



58. Check Delay-Time Accuracy 
a. Set the MAG switch to OFF. 



b. Set the B SWEEP MODE switch to B STARTS AFTER 
DELAY TIME. 

c. CHECK-Using the A TIME/DIV switch, B TIME/DIV 
switch and time-mark generator settings given i h Table ?T17 . 
check delayed sweep accuracy within the given tolerance. 
First set the DELAY-TIME MULTIPUER dial to 1.00 and rotate 
the dial until the sweep starts at the top of the second 
marker (see I Fig. 6-47)1 Note the dial reading and then set 
the dial to 9.00 and rotate until the sweep starts at the top 
of the tenth marker. DELAY-TIME MULTIPLIER dial setting 
must be 8.00 divisions higher; -F or - the allowable error 
given in i Table 6^ 

NOTE 

Sweep will start at top of third marker at 1.00, and 
nineteenth marker at 9.00 for sweep rates which 
are multiples of 2 (e.g., 2 ps, 20 ps, .2 ms, etc.). 

If in doubt as to the correct setting af the DELAY- 
TIME MULTIPLIER dial, set the HORIZ DISPLAY 
switch to A INTEN DURING B and check which 
marker is intensified. 
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TABLE 6-7 

Delayed Sweep Accuracy 



A TIME/DIV 


B TIME/DIV 


Time-Mark 


Allowable error for 


Switch Setting 


Switch Setting 


Generator Output 


given accuracy 


Ips 


.Ips 


1 microsecond 




2ps 


.Ips 


1 microsecond 




5ps 


.5 ps 


5 microsecond 




10 ps 


Ips 


10 microsecond 




20 ps 


Ips 


10 microsecond 




50 ps 


5ps 


50 microsecond 




.1 ms 


10 ps 


0.1 millisecond 


±12 minor dial divisions 


.2 ms 


10 ps 


0.1 millisecond 


(±1.5% over center eight 


.5 ms 


50 ps 


0.5 millisecond 


divisions) 


1 ms 


.1 ms 


1 millisecond 




2 ms 


.1 ms 


1 millisecond 




5 ms 


.5 ms 


5 millisecond 




10 ms 


1 ms 


10 millisecond 




20 ms 


1 ms 


10 millisecond 




50 ms 


5 ms 


50 millisecond 




.1 s 


10 ms 


0.1 second 




.2 s 


10 ms 


0.1 second 


±20 minor dial divisions 
(±2.5% over center eight 
divisions] 


.5 S 


50 ms 


0.5 second 


Is 


.Is 


1 second 


2 s 


1, .is 


1 second 


5 5 


.5 S 


5 second 





59. Check Delay-Time Multiplier Incremental 
Linea rity 

a. Change the following control settings: 



c. Rotate the dial as necessary to position the start of the 
pulse to the beginning of the sweep (s 4e Fig. 6-48 ). 

d. CHECK-Deviation of dial reading from 9.00 should 
be within two minor dial divisions (±0.2%). 



DELAY-TIME MULTPLIER 


9.00 


A TIME/DIV 


1 ms 


B TIME/DIV 


5 ps 



b. Set the time-mark generatorforone-millisecond markers. 



NOTE 

A sweep must be correctly calibrated to check this 
step to the given accuracy. 

e. Repeat check at each majordial division between 9.00 
and 1.00. 






















T 







































































































Fig. 6-47. Typical CRT dispigy when checking delayed-sweep accu 
racy. 



Fig. 6-48. Typical CRT display when checking DELAY-TIME MULTI- 
PLIER incremental linearity. 
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60. Check Delay-Time Jitter 

a. Change the following control settings: 

DELAY-TIME MULTIPLIER l.OO 
B TIME/DIV 1 gs 

b. Position the pulse near the center of the display area 
with the DELAY-TIME MULTIPLIER dial. 

c. CHECK-J itter on the leading edge of the pulse should 
not exceed 0.5 division (one part in 20,000; se d Flo. 6-4S ). 
Disregard slow drift. 

d. Turn the DELAY-TIME MULTIPUER dial to 9.00 and ad- 
just so the pulse is displayed near the center of the display 
area. 

e. CHECK-J itter on leading edge of the pulse should 
not exceed 0.5 division (s de Flo. 6-4 91. Disregard slow drift. 

f. Disconnect all test equipment. 




Fig. 6-49. Typical CRT display wh*n checking delay-lime |lller. 
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Fig. 6-50. Initial l«tt • quipmtnl talup for itopi 61 through 66. 



C RT c 0 ntro Is 

INTENSITY 
FOCUS 
SCALE ILLUM 



Midrange 

Adjust for foe used display 
As desired 



HORIZ DISPLAY 
MAG 

A SWEEP LENGTH 
PO smoN 
POWER 



EXT HORIZ 

OFF 

FULL 

Midrange 
O N 



Vertical controls (both channels If applicable) 



VOLTS/DIV 

VARIABLE 

POSITION 

INPUT COUPLING 

MODE 

TRIGGER 

INVERT 



20 mV 
CAL 

Midrange 

DC 

CH 2 

CH 1 ONLY 
Pushed In 



Sde-panel controls 

B TIME/DIV VARIABLE CAL 

CALIBRATOR .1 v 



61. Adjust External Horizontal Gain O 

a. Test setup Is shown Ir l Fig. 6- .501 



Triggering controls (both A ond B If applicable) 



LEVEL 

SLOPE 

COUPLING 

SOURCE 



Any position 

+ 

DC 

INT 



Sweep controls 



b. Conneetthe standard amplitude callbratorto the Chan- 
nel 1 INPUT connector through the 42-Inch BNC cable. 

c. Set the standard amplitude calibrator for a 0.1 -volt 
squore-wave output. 

d. Increase the INTENSITY control setting until the display 
Is visible (two dots about five divisions apart). 



DELAY-TIME MULTIPLIER 
A TlME/DIV 
B TlME/DIV 
A VARIABLE 
A SWEEP MODE 
B SWEEP MODE 



9.00 
1 ms 
1 ms 
CAL 

AUTO TRIG 
B STARTS AFTER 
DELAY TIME 



e. Move the display to the center of the graticule with the 
Channel 1 POSITION control. 

f. CHECK-CRT display for five divisions horizontal deflec- 
tion. (Se el Flo. 6-.51A I. 

g. ADJ UST-Ext Horiz Gain adjustment, R645 |(see Flg| 
6-51B), for five divisions horizontal deflection. 
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Fig. 6-51. (Al Typical CRT display showing corroci oxtornol herl- 
xental gain, (Bl location of Ext Horiz Gain ad|ustmonl (B Swoop 
circuit boardl. 



62. Check External Horizontal Operation 

a. Set the B SOURCE switch to EXT. 

b. Connect the standard amplitude calibrator to the EXT 
HORIZ input connector (B EXT TRIG INPUT). 

c. Set the standard amplitude calibrator for a two-volt 
square-wave output. 

d. CHECK-CRT display for horizontal deflection between 
6.5 and 8.7 divisions (270 millivolt^division, ±15%). 

e. Set the standard amplitude calibrator for a 20-volt 
square-wave output. 

f. Set the 8 SOURCE switch to EXT -h 10. 

g. CHECK-CRT display for horizontal deflection between 
6.2 and 9.2 divisions (2.7 volt^ division, -h20%). 

h. Disconnect all test equipment. 



63. Check X-Y Phasing 

a. Connectthe constant-amplitude sine wave genera torto 
the Channel 1 and 2 INPUT connectors through the five- 
nanosceond GR cable, 50-ohm in-line termination and the 
dual-input coupler. 




0.52 diviflon or lu» 



Fig. 6 - 52 . Typical CRT dUplay whun chucking X-Y phasing, 



b. Change the following control settings: 

CH 1 VOLTS^DIV 10 mV 

CH 2 VOLT^DIV 50 mV 

B SOURCE INT 

c. Set the medium-frequency generator for a 10-division 
horizontal display at 50 kilohertz. 

d. Center the display vertically and horizontally with the 
Channel 1 and 2 POSmON controls. 

e. CHECK-CRT display for an opening at the center hori- 
zontal line of 0.52 division or less (3° or less phase shift; see 

I Fig. 6-52 ). 



64. Check X Bandwidth in External Horizontal 
Mode 

a. Disconnect the dual-input coupler from the Channel 2 
INPUT connector. 

b. Set the medium-frequency generator for a six-division 
horizontal display at its reference frequency (50 kHz). 

c. Without changing the output amplitude, increase the 
output frequency of the generator until the horizontal deflec- 
tion is reduced to 4.2 divisions (-3 dB point; se fe Fig. 6^ ). 

d. CHECK-Output frequency of generator must be five 
megahertz or higher. 



65. Check Trace Finder Operation 

a. Reconnect the dual-input coupler to the Channel 2 
INPUT connector. 

b. While holding the TRACE FINDER button depressed, 
rotate the Channel 1, Channel 2 and horizontal POSITION 
controls and the CH 1 and CH 2 VOLT^DIV switches 
throughout their ranges 

c. CHECK-CRT display remains within the graticule area. 

d. While holding the TRACE FINDER button depressed, 
adjust the positioning controls until the display is centered 
about the graticule center lines Then, increase the X and Y 



0 
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Fig. 6-53. Typical CRT display when checking external horizontal 
bandwidth I double exposure) . 

deflection factors until the display is reduced to about two 
divisions vertically and abaut four divisions horizontally. 

e. Release the TRACE FINDER button. 

f. CFIECK-CRT display must remain within the graticule 
area. 

g. Reduce the INTENSITY control to a normal setting (about 
midrange). 

h. Disconnect all test equipment. 

66. Check Chopped Operation 

a. Change the following control settings: 



Fig. 6-54. Typical CRT display when checking chopped repetilion 
rale and blanking. 



MODE CHOP 

TRIGGER NORM 

A and B TIME/DIV .5 ps 

HORIZ DISPLAY A 



b. Position the traces about four divisions apart. 

c. Set the A LEVEL control for a stable display. 

d. CHECK-Each cycle for duration of 3.4 to 5 divisio 
(500 kilohertz, ±20%; see l Fio. 6-54 ). 

e. CHECK-CRTdisplay for complete blanking of switching 
transients between chopped segments (s de Fig. 6-.54 ). 



NOTES 
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Fig. 6-55. Initial totl aquipnwnl (*tup for stcpi 67 through 70. 



CRT controls 




HORIZ DISPLAY 


A 






MAG 


OFF 


INTENSITY 


Midrange 


A SWEEP LENGTH 


FULL 


Focus 


Adjust for foe used display 


POSITION 


Midrange 


SCALE ILLUM 


As desired 


POWER 


ON 


Vertical controls (both channels if applicable) 


Sde-panel controls 




CH 1 VOLTS/DIV 


50 mV 


B TIME/DIV VARIABLE 


CAL 


CH 2 VOLTS/DIV 


.2 


CALIBRATOR 


.IV 


VARIABLE 


CAL 






POSITION 


Midrange 






Input Coupling 


DC 


67. Adjust Calibrator 


Repetition Rate 


MODE 


ALT 






TRIGGER 


NORM 


a. Test eauioment setuo is shown iri Fia. 6-551 


INVERT 


Pushed in 


b. Connect the 1 kHz CAL connector to the 



o 



Channel 1 



Triggering controls (both A and B if applicable) 



Stable display 

+ 

AC 
INT 

Sweep controls 



LEVEL 
SLOPE 
COUPLING 
SO URC E 



INPUT connector with an 18-inch BNC cable. 

c. Connect the time-mark generator to the Channel 2 
INPUT connector with a 42-inch BNC cable. 

d. Set the time-markgeneratorforone-millisecond markers. 

e. Position the display so the tips of the markers fall lust 
below the rising portions of the square wave (s de Fig. 6-.56 AL 



DELAY-TIME MULTIPLIER 
A and B TIME/DIV 
A VARIABLE 
A SWEEP MODE 
B SWEEP MODE 



9.00 
1 ms 
CAL 

AUTO TRIG 
B STARTS AFTER 
DELAY TIME 



f. CFIECK-For one cycle of calibrator wavefomi for each 
ma rker (se dr Flo. 6-.56 AL 

g. ADJ USTCalibrator Frequency adjustment, TL255 (see 
I Fio. 6-56E ). for one cycle of calibrator waveform for each 

marker (preliminary adjustment). 
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Fig. 6-57. Typical CRT diiplay whan checking calibrator duty cycle. 



e. Position the 50% point on the faiiing edge of the Caii- 
brator wavefonn to the centerverticai iine. 

f. Set the A SLOPE switch to -. 

g. CHECK-50% point on rising edge now dispiayed not 
dispiaced more than two divisions from the centerverticai 
iine (duty cycie 49% to 51% see l Fig. 675? ). 



69. Check Calibrator Risetime 

a. Change the foiiowing controi settings: 

A SLO PE -I- 

A and B TIME/DIV .2 fis 

MAG OFF 



Fig. 6-56. (A1 Typical CRT display showing correct calibrator repe- 
Hlien rate, IBI location of Calibrator Freguency adjuslmenf. 



b. Set the A LEVEL controi so aii of the rising portion of 
the Caiibrator waveform is visibie. 



h. Set the TRIGGER switch to CH 1 ONLY. 

i. CFIECK-CRT dispiay for siow drift or no drift of the 
time markers. 

j. ADJ UST-T1255 for minimum drift of time markers, 
(finai adjustment). 

k. Disconnect the time-mark generator. 



68. Check Calibrator Duty Cycle 

a. Change the foiiowing controi settings: 

CH 1 VOLTS^DIV 20 mV 

MODE CHI 

A and B TIME/DIV .1 ms 

b. Center the display vertically with the Channel 1 POSI- 
TION control. 

c. Set the A LEVEL control so the display starts at the 
50% point on the rising portion of the waveform (the INTEN- 
STTY control may need to be advanced slightly to see the 
rising portion of the waveform). 

d. Set the MAG switch to X 10. 



c. Position the 10% point on the leading edge to a verti- 
cal graticule line. 

d. CHECK-CRT display for five divisions or less between 
the 10% and 90% points an the leading edge of the cali- 




Fig. 6-58. Typical CRT display when checking Calibrator risetime. 
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Fig. 6-59. Typical CRT display whan ehacking cailbraler curran). 



brator waveform (one microsecond or less, risetime rsee Fig. I 
6-58). 



70. Check Current through Probe Loop 

a. Connect the current-measuring probe and passive termi- 
nation to the Channel 1 INPUT connector. 

b. Set the passive termination for a sensitivity of 2mA/ 
mV. 

c. Clip the current probe around the PROBE LOOP on the 
side panel. 

d. Set the CH 1 VOLWDIV switch to 5 mV. 

e. Set the A and B TIME/DIV switch to .5 ms 

f. CHECK-CRT display 0.5 division in amplitude (five 
milliseconds: se tt Fig. 6-.5<t i. 



NOTE 

This step checks for the presence of current in the 
PROBE LOOP. This current will remain within the 
stated 1% accuracy due to the tolerance of the 
divider resistors and tolerance of the calibrator 
output voltage (adjusted in step 2). If it is nec- 
essary to verify the accuracy of the calibrator cur- 
rent, use a current measuring meter with an ac- 
curacy of at least 0.25%. 



e. Disconnect the 18-inch BNC cable. 



g. Disconnect all test equipment. 
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Fig. 6 - 60 . Inllial t*(t equlpmant letup for itepi 71 through 74. 



C RT c 0 ntro Is 

INTENSITY 
FOCUS 
SCALE ILLUM 



HORIZ DISPLAY 
MAG 

Midrange a SWEEP LENGTH 

Adjust forfocused display POSITION 

As desired POWER 



A 

OFF 

FULL 

Midrange 

ON 



Vertical controls (both channels If applicable] 



VOLTS/DIV 5 mV 

VARIABLE CAL 

POSITION Midrange 

INPUT COUPLING DC 

MODE CHI 

TRIGGER NORM 

INVERT Pushed In 



Side-panel contnols 

B TIME/DIV VARIABLE CAL 

CALIBRATOR .IV 

71. Adjust Z Axis Compensation 

a. Test equipment setup is shown ir i Flo. h-CTil 



Triggering controls (both A and B if applicable) 



b. Connect the lOX probe to the input connector of the 
test oscilloscope. 



LEVEL 

SLOPE 

COUPLING 

SOURCE 

Sweep controls 

DELAY-TIME MULTIPLIER 
A and B TIME/DIV 
A VARIABLE 
A SWEEP MODE 
B SWEEP MODE 



0 

+ 

AC 

INT 



Fully counterclockwise 

.1 ps 

CAL 

AUTO TRIG 
B STARTS AFTER 
DELAY TIME 



c. Connect the lOX probe to TP1047 (se 



d. Set the test oscilloscope fora vertical deflection factor 
of 0.5 volt^division (5 volt^division total with probe) at a 
sweep rate of 0.1 microsecond/division. 



e. Set the INTENSrY control so the test oscilloscope dis- 
play is three divisions in amplitude. 



f. CHECK-Test oscilloscope display for optimum square 
comer (slightly rounded) on blanking gate (se h Flo. b-H lB) 

g. ADJUST-C1036 (see IFIo. h-blA i for optimum square 
comeron the unblanking gate. 
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Optimum tquar* corner 



LUU ‘ 

Fig. 6-61. (A) Location of TPl 047 and Cl 036, (B) epical tes 
oscilloscope display showing correct adjustment of Cl 036 (vertical 
deflection, 5 volts/divlsion, sweep rate, 0.1 microsecond/division ^ 

h. Disconnect all test equipment. 

72. Check External Z Axis Operation 

a. Set the INTENSITY control to a normal setting. 

b. Set the A and B TIME/DIV switch to 20 Ka 

c. Connect the constant-ampiitude generatorto the A EXT 
TRIG INPUT connector through the five-nanosecond GR 
cabie, 50-ohm in-iine termination and BNC Tconnector. Con- 
nect the output of the BNC T connector to the ZAXIS INPUT 
binding posts through a 42-inch BNC cabie and the BNC 
to aiiigator ciips adapter. (Connect biack iead af aiiigator 
ciipsadapterto ground post.) 

d. Set the A SOURCE switch to EXT 

e. Remove the ground strap from between the binding 
posts 

f. Set the constant-ampiitude generator for five voits 
output at 50 kiiohertz (use caiibrated position of generator 
ampiitude controi). 

g. CHECK-CRT dispiay for noticeabie intensity moduia- 
tion fse a 1-10. b-bM ). The INTENSITY control setting may need 
to be reduced to view trace modulation. 
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Fig. 6 . 62 . (A) Typical CRT display when checking Z-oxIt eptrotlon 
50 kilohertz, (Bl typical CRT display when checking Z-axIs oper- 
ation at 50 megahertz. 



h. Set the constant-amplitude generator for five volts 
output at 50 megahertz [use calibrated position of generator 
amplitude control). 

i. Set the A and B TIME/DIV switch to .1 /is. 

j. CHE CK-CRT dis play for noticeable intensity modula- 
tion (see I Fig. 6-63 BT The INTENSITY control setting may 
need to be reduced to view trace modulation. 

k. Disconnect all test equipment and replace ground strap. 



73. Check A Gate Output Signal 

a. Set the A and B TIME/DIV switch to 1 ms 

b. Connect the A GATE cannector (on side panel) to the 
test-oscilloscope input connector with the 42-inch BNC cable. 

c. Set the test oscilloscope for a vertical deflection factor 
of five volt^division at a sweep rate of twa millisecond^ 
division. 

d. CHECK-Test oscilloscope display for 2.4 divisions: 
±0.24 division, vertical deflection with the bottom of the 
wavefomi near the zero-volt level (12 volts, ±10%; see 

I Fig. 6-631 . Gate duration should be about 5.5 divisions 
(about 11 times the A TIME/DIV switch setting). 
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Fig. 6-63. Typicol CRT display when ch«ckina.qat« amplitude and 
duration (verticoi deflection, five volts/division; sweep rate, two 
milliseconds/ division) . 



74. Check B Gate Output Signal 

a. Cannect the B GATE connector (on side panel) to the 
test-oscilloscope input connector with the 42-inch BNC cable. 

b. Change the following control settings: 

A TIME/DIV 2 ms 

B TIME/DIV 1ms 

HORIZ DISPtAY DELAYED SWEEP (B) 

c. CHECK-Test oscilloscope display for 2.4 divisions, 
±0.24 division, vertical deflection with the bottom of the 

waveform near the zero-volt level (12 volts ±10%: se el Fig. I 
I 6-63)) Gate duration should be about 5.5 divisions (about 
11 times the B TIME/DIV switch setting). 

This completes the calibration procedure for the Type 453. 
Disconnect all test equipment and replace the top and bottom 
covers. If the instrument has been completely checked and 
calibrated to the tolerances given in this procedure, it will 
meet the electrical characteristics listed in the Performance 
Requirement column of the Characteristics section of this 
manual. 



NOTES 
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7-1. Scope of Maintenance 

The maintenance duties assigned to operator and 
orga nizationa i categories are iisted beiow, 
together with a reference to the paragraphs 
covering the specific maintenance functions. 



a. Daiiy preventive maintenance checks and 



services foara 7-4L 








b. Weekiy preventive 
services |(para 7-5)1 


ma intena nee 


c hec ks 


a nd 


c. Monthiy preventive 
services Kpara 7^61 


ma intena nee 


c hec ks 


a nd 



d. Ouarteriy preventive maintenance checks 
and services Rpara 7-I 7T 

e. Cieaning koara 7-8)1 

f. Touchup painting Kpara 7-9)1 

7-2. Preventive Maintenance 

Preventive maintenance is the systematic care, 
servicing, and inspection of equipment to prevent 
the occurrence of troubie, to reduce downtime, 
and to assure that the equipment is serviceabie. 

a. Sysfemafic Care. The procedures given in 
loara graphs 7-3l through 7-9 cover routine syste- 
matic care and cieaning essentiai to proper up- 
keep and operation of the equipment. 



b. Preventive Maintenance Checks and Ser- 
vices. The preventive maintenance checks and 
services c ha rts Tl oa ra s 7^ 4 through 7-7) outiine 
functions to be performed at specific intervais. 
These checks and services are to maintain Army 
eiectronic equipment in a combat-servicea bie con- 
dition: that is, in good generai (physicai) con- 
dition and in good operating condition. To aisist 
operators in maintaining combat servic ea biiity, the 
charts indicate what to check, how to check, and 
what the normai conditions are; the References 
coiumn iists the iiiustra tio ns, paragraphs, or 
manuais that contain detaiied repair or repiace- 
ment procedures. If the defect cannot be 
remedied by the corrective actions iisted, higher 
category of maintenance repair is required. 
Records and reports of these checks and services 
must be made in accordance with the require- 
ments set forth in TM 38-750. 

7-3. Preventive Maintenance Checks 
and Services Periods 

Preventive maintenance checks and services of the 
equipment are required daiiy, weekiy, monthiy, 
and quarteriy. 

n. IPa ra g ra ph 7- 4~l; p e c if ie s the checks and 
services that must be accompiished daiiy (or at 
ieast once each week if the equipment is main- 
tained in standby condition). 

b. | Pa ra q ra p hs 7-5j 7-6, snd 7-7 specify 

additionai checks and services that must be per- 
formed weekiy, monthiy, and quarteriy. 



7-4. Daiiy Preventive Maintenance Checks and Services Chart 



Sequence 

no. 


item to be inspected 


Procedure 


References 


1 


Compieteness 


See that the equipment is compiete Kapp. BT 


None. 


2 


Exterior surfaces 


Ciean the exterior surfacesKoara 7-B) 




3 


Connectors 


Check the tightness of aii connectors 




4 


C 0 ntro is 


Whiie makhg the operating check (sequence 
No. 5), check to see that the mechanicai 
action of each knob, diai, and switch is 
smooth and free of extemai or intemai 
binding, and that there is no excessive 
iooseness. 




6 


Operation 


Onerate the eouinment accordino tb section 21 
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7-5. Weekly Preventive Maintenance Checks and Services Chart 



Sequence 
no . . 


Item to be inspected 


Procedure 


References 


1 


Cablesand probes 


Inspect cords, cables, probes, and wires for 
chafed, cracked, or frayed insulation. 
Replace connectors that are broken, arced, 
stripped, or worn excessively. 




2 


Handles and latches 


Inspect handles for looseness. Replace or 
tighten as necessary. 




3 


Metal surfaces 


Inspect exposed metal surfaces for rust and 
comosion. Clean and touch up paint as 
required. 


1 Pa ras 7-8 la nd 7-9. 



7-6. Monthly Preventive Maintenance Checks and Services Chart 



Sequence 

no. 


Item to be inspected 


Procedure 


References 


1 


Pluckout items 


Inspect seating of pluckout items. 


None. 


2 


Jacks 


Inspect jacks for snug fit and good contact. 




3 


Transfomier terminals. 


Inspect temiinals on the transfomiers. There 
should be no evidence of dirt or corrosion. 




4 


Temiinal blocks 


Inspect terminal blocks for loose connections 
and cracked or broken insulation. 




5 


Resistors and capacitors . . . 


Inspect resistors and capacitors for cracks, 
blistering, or other defects 




6 


Variable capacitors 


Inspect variable capacitors for dirt, corrosion, 
and deformed plates 




7 


Interior 


Clean interior of chassis and cabinet. 





7-7. Quarterly Preventive Maintenance Checks and Services Chart 



Sequence 

no. 


Item to be inspected 


Procedure 


References 


1 


Publications 


See that all publications are complete, 
serviceable, and current. 


DA Pam 310-4. 


2 


Modifications 


Check DA Pam 310-7 to determine whether 
new applicable MWO 'shave been published. 
All URGENT MWO'S must be applied 
immediately. All NORMAL MWO'S must be 
scheduled. 


TM 38-750 and 
DA Pam 310-7. 


3 


Spare parts 


Check all spare parts (operator and org- 
anizational) for general condition and 
method of storage. No overstock should be 
evident, and all shortages must be on valid 
requisitions. 
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7-8. Cleaning 

Inspect the exterior of the equipment. The 
exterior surfaces should be free of dirt, grease, 
and fungus. 

a. Remove dust and other loose dirt with a 
clean soft cloth. 

WARNING 

Adequate ventilation should be pro- 
vided while using TRICHLOROTRI- 
FLUO RO ETHA N E. Prolonged breathing of 
vapor should be avoided. The solvent should 
not be used near heat or open flame; the 
products of decomposition are toxic and 
irritating. Since T R I C H L O R O T R I - 
FLUOROETHANE dissolves natural oils, 
prolonged contact with skin should be 
avoided. When necessary, use gloves which 
the solvent cannot penetrate. If the solvent is 
taken internally, consult a physician im- 
mediate ly. 



b. Remove grease, fungus, and ground-in dirt 
from the cases: use a cloth dampened (not wet) 
with cleaning compound. 

c. Remove dust or dirt from plugs and jacks 
with a brush. 

d. Clean the front panel and control knobs: use 
a soft, clean cloth. If dirt is difficult to remove, 
dampen the cloth with water; mild soap may be 
used for more effective cleaning. 

7-9. Touchup Painting Instructions 

Remove rust and corrosion from metal surfaces 
by lightly sanding them with fine sandpaper. 
Brush two thin coats of paint on the bare metal to 
protect it from further corrosion. Refer to the 
applicable cleaning and refinishing practices 
specified in TB 43-0118. 
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FIGURE FO-1 FRONT 

Q 

Index Tektronix Serial/Mod>el No. t 

No. Port No. Eff Disc y 12345 



Description 



-1 366-0153-00 1 



213-0004-00 1 

2 3 



3 210-0583-00 2 

4 210-0940-00 1 

5 210-0046-00 1 

6 366-0153-00 1 



213-0004-00 1 

7 366-0153-00 1 



213-0004-00 1 

8 366-0189-00 I 



213-0020-00 1 

9 366-0322-00 1 



213-0004-00 1 

10 366-0153-00 1 



213-0004-00 1 

11 366-0189-00 1 



213-0020-00 1 

12 366-0322-00 1 



213-0004-00 1 

13- 366-0153-00 1 



213-0004-00 1 

14 366-0189-00 ’ 



213-0020-00 1 

15 366-0322-00 1 



213-0004-00 1 

16 3664)215-01 1 

17 3664)215-01 1 

18 3664)038-00 1 



2134)004-00 1 

19 366-0194-00 1 



213-0004-00 1 



KN08, charcoal— INTENSITY 
knob includes: 

SCREW, set, 6-32 x Vu inch, HSS 
RESISTOR, variable 

mounting hardware for each: (not included w/ resistor) 
NUT, hex., V 4-32 X Vu inch 
WASHER, flat, 'A ID x V, inch OD 
LOCKWASHER, internal, 'A ID x 0.400 inch OD 



KNOB, charcoal— FOCUS 
knob includes: 

SCREW, set, 6-32 x Vu inch, HSS 
KNOB, charcoal— SCALE ILLUM 
knob includes: 

SCREW, set, 6-32 x Vw inch, HSS 
KNOB, red-VARIABLE (CH 1) 
knob includes: 

SCREW, set, 6-32 x ’A inch, HSS 
KNOB, charcoal— VOLTS/DIV (CH 1) 
knob includes: 

SCREW, set, 6-32 x Vu inch, HSS 
KNOB, charcoal— POSITION (CH 1) 
knob includes: 

SCREW, set, 6-32 x Vm inch, HSS 
KNOB, red— VARIABLE (CH 2) 
knob includes: 

SCREW, set, 6-32 x '/» inch, HSS 
KNOB, charcoal— VOLTS/DIV (CH 2) 
knob includes: 

SCREW, set, 6-32 x Vu inch, HSS 
KNOB, charcoal— POSITION (CH 2) 
knob includes: 

SCREW, set, 6-32 x Vm inch, HSS 
KNOB, red— TRIGGER 
knob includes: 

SCREW, set, 6-32 x 'A inch, HSS 
KNOB, charcoal- MODE 
knob includes: 

SCREW, set, 6-32 x Vm inch, HSS 
KNOB, charcoal— AC GND DC (CH 1) 
KNOB, charcoal— AC GND DC (CH 2) 
KNOB, red— A VARIABLE 
knob includes: 

SCREW, set, 6-32 x Vu inch, HSS 
KNOB, cha rcoal— B TIME/DIV 
knob includes: 

SCREW, st?t, 6-32 x »/,< inch, HSS 
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Q 



Index 

No. 


Tektronix 
Part No. 


Serial/Model 

Eff 


No. 

Disc 


t 

y 


20 


331-0092-00 






1 




213-0022-00 






1 


21 


262-0724-01 






1 




260-0694-00 






1 


22 


131-0371-00 






9 


23 


131-0181-00 






2 


24 


358-0136-00 






1 


25 


179-1122-00 






1 


26 


384-0262-00 






1 


27 








1 


28 


210-04 13-00 






2 


29 


210-0012-00 






1 


30 


407-0148-00 






1 




210-0006-00 






1 


31 


210-0202-00 






1 


32 


210-0449-00 






2 


33 








2 


34 


21 0-0018-00 






1 


35 


210-0524-00 






1 


36 


376-0014-00 






1 


37 








1 


38 


210-0457-00 






2 


39 


348-0055-00 






1 




211-0507-00 






2 


40 


210-0049-00 






1 


41 


210-0579-00 






1 


42 


331-0139-00 






1 




213-0048-00 






1 


43 








1 


44 


210-0012-00 






1 


45 


366-0220-00 






1 




213-0020-00 






1 



FRONT (cont) 



Description 

12 3 4 5 



DIAL, window knob— A TIME/DIV 
dial includes: 

SCREW, set, 4-(0 x Vu inch, HSS 
SWITCH, wired- A AND B TIME/DIV 
switch includes: 

SWITCH, unwired 

CONNECTOR, single contact, female 
CONNECTOR, terminal standoff 

mounting hardiware for each: (not included w/connector) 
BUSHING, plastic 

CABLE HARNE'JS 
ROD, extension 
RESISTOR, variable 

mounting hardware: (not included w/resistor) 

NUT, hex., y» -32 x '/j inch 
LOCKWASHFiR, internal, V» ID x ’A inch OD 

BRACKET 

mounting hardware: (not included w/bracket) 
LOCKWASH ER, internal, #6 (not shown) 

LUG, solder, SE #6 
NUT, hex., 5-40 x 'A inch 

CAPACITOR 

mounting hardware for each: (not included w/capacitor) 
LOCKWASHER, internal, Vi< inch 
NUT, hex., Vu-24 x Va inch 

COUPLING 

CAPACITOR 

mounting hardware: (not included w/capocitor) 

NUT, keps, 6-32 x Vi< inch 

GROMMET, plastic, ’A inch 
mounting hardware: (not included w/switch) 

SCREW, 6-32 X ’/)< inch, PHS (not shown) 

LOCKWASHER, internal, ’A inch 
NUT, hex., V(-24 x ’A inch 



DIAL— DELAY TIME MULTIPLIER 
dial includes: 

SCREV/, set, 4-40 x 'A inch, HSS 
RESISTO'R, variable 

mounting hardware: (not included w/resistor) 
LOCKV/ASHER, internal, Vt ID x ’A inch OD 



KNOB, charcoal— LEVEL (B TRIGGERING) 
knob includes: 

SCREW, set, 6-32 x '/» inch, HSS 




FIGURE FO-1 FRONT (cont) 



TM 



11-6625-1722-15 



Q 



Index 

No. 


Tektronix 
Port No. 


Serial/Model No. 
Eff Disc 


t 




Description 

1 2 3 4 5 


46 








2 


RESISTOR, variable 










- 


mounting hardware for each: (not included w/re$istor) 


47 


210-0012-00 






1 


LOCKW ASHER, internal. Vs ID x ’A inch OD 


48 


210-0978-00 






1 


WASHER, flat, V, IDx’/j inch OD 


49 


210-0590-00 






1 


NUT, hex., y,-32 x Vu inch 


50 


3664)148-00 






1 


KNOB, charcoal— A SWEEP LENGTH 










- 


knob includes: 




213-00044)0 






1 


SCREW, set, 6-32 xVu inch, HSS 


51 


262-07264)2 






1 


SWITCH, wired— A SWEEP LENGTH 










- 


switch includes: 




2604)697-01 






1 


SWITCH, unwired 










1 


RESISTOR, variable 










- 


mounting hardware: (not included w/re$istor) 




2104)012-00 






1 


LOCKWASHER, internal. Vs ID x ’A inch OD 




2104)5904)0 






2 


NUT, hex., Vs*32 x Vu inch 




3764)0144)0 






1 


COUPLING 










- 


mounting hardware: (not included w/switch) 


52 


2104)9784)0 






1 


WASHER, flat, V, ID x '/t inch OD 


53 


2104)5904)0 






1 


NUT, hex., Vs-32 x Vu inch 


54 


3664)189-00 






1 


KNOB, red— MAG 










- 


knob includes: 




213-00204)0 






1 


SCREW, set, 6-32 x V, inch, HSS 


55 


3664)322-00 






1 


KNOB, charcoal— HORIZ DISPLAY 










- 


knob includes: 




213-00044)0 






1 


SCREW, set, 6-32 x Vu inch, HSS 


56 


2624)7254» 






1 


SWITCH, wired— HORIZ DISPLAY 










- 


switch includes: 




2604)6964)0 






1 


SWITCH, unwired 










- 


mounting hardware: (not included w/switch) 


57 


2104)978-00 






1 


WASHER, flat, % ID x Vi inch OD 


58 


2104)5904)0 






1 


NUT, hex., Va*32 x Vu inch 


59 


3664)3194)0 






1 


KNOB, red— FINE 










- 


knob includes: 




213-0020-00 






1 


SCREW, set, 6-32 x 'A inch, HSS 


60 


3664)1384)0 






1 


KNOB, charcoal— POSITION 










. 


knob includes: 




2134)0044)0 






1 


SCREW, set, 6-32 x Vu inch, HSS 
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FIGURE FO-1 FRONT rcom; 



Q 



Index 

No. 


Tektronix 
Port No. 




Serial/Model No. 
Eff Disc 


t 

y 


Description 

1 2 3 4 5 


61 










1 


RESISTOR, variable 












- 


mounting hardware: (not included w/resistor) 


62 


210-00 12-00 








1 


LOCKWASHER, internal, V8-32x 'A inch OD 


63 


210-0494-00 


20000 




26129 


1 


NUT, hex., Va-32 x Vs x ’ ’/,< inch OD 




129-0167-00 


26130 






1 


POST, metallic 




210-0013-00 


20000 




22039 * 


1 


LOCKWASHER, internal, Vb ID x ’ ’/u inch OD 


64 


210-0012-00 


22040 




261 29X 


1 


LOCKWASHER, internal, y, ID x 'A inch OD 
WASHER, flat, 0.390 ID x Vm inch OD 


65 


210-0840-00 








1 


66 


358-0029-05 








1 


BUSHING, hex., 'A inch long 


67 


366-0319-00 








1 


KNOB, red— HF STAB 














knob includes: 




213-0020-00 








1 


SCREW, set, 6-32 x 'A inch, HSS 


68 


366-0138-00 








1 


KNOB, charcoal— LEVEL (A TRIGGERING) 












- 


knob includes: 




213-0004-00 








1 


SCREW, set, 6-32 x Vu inch, HSS 


69 


366-0215-01 








1 


KNOB, charcoal— SLOPE (A TRIGGERING) 


70 


260-0472-00 








1 


SWITCH, lever— SLOPE 












- 


mounting hardware: (not included w/switch) 


71 


220-0413-00 








2 


NUT, switch, 4-40 x x 0.562 inch 


72 


366-0215-01 








1 


KNOB, charcoal— COUPLING (A TRIGGERING) 


73 


366-0215-01 








1 


KNOB, charcoal— SOURCE (A TRIGGERING) 




262-0723-00 








1 


SWITCH, wired— COUPLING 8. SOURCE 












- 


switch includes: 


74 


260-0700-00 








1 


SWITCH, lever— COUPLING 


75 


260-0698-01 








1 


SWITCH, lever— SOURCE 


76 


131-0371-00 








2 


CONNECTOR, single contact, female 
mounting hardware; (not included w/switch) 


77 


220-0413-00 








4 


NUT, switch, 4-40 x Yb x 0.562 inch 


78 


366-0215-01 








1 


KNOB, charcoal— A SWEEP MODE 


79 


260-0699-00 








1 


SWITCH, lever— A SWEEP MODE 












- 


mounting hardware; (not included w/switch) 


80 


220-0413-00 








2 


NUT, switch, 4-40 x Vn x 0.562 inch 


81 


366-0215-01 








1 


KNOB, charcoal— B SWEEP MODE 


82 


260-0587-00 








1 


SWITCH, lever— B SWEEP MODE 
mounting hardware: (not included w/switch) 


83 


220-041 3-00 








2 


NUT, switch, 4-40 x Ywx 0.562 inch 


84 


366-0215-01 








1 


KNOB, charcoal— SLOPE (B TRIGGERING) 


85 


260-0472-00 








1 


SWITCH, lever— SLOPE 




- - - - - - 










mounting hardware: (not included w/switch) 


86 


220-041 3-00 








2 


NUT, switch, 4-40 x Vvb x 0.562 inch 
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FIGURE FO-1 



Q 



Index 


Tektronix 


Serial/Model 


No. 


t 


No. 


Part No. 


Eff 


Disc 


y 


87 


366-0215-01 






1 


88 


366-0215-01 






1 




262-0723-00 






1 


89 


260-0700-00 






1 


90 


260-0698-01 






1 


91 


131-0371-00 






2 


92 


220-0413-00 






4 


93 


260-0834-00 






1 


94 


210-0046-00 






1 


95 


210-0940-00 






1 


96 


210-0562-00 






1 


97 


131-0352-01 






3 


98 


378-0541-00 






4 


99 


378-0541-01 






1 


100 


352-0084-00 






2 


101 


352-0084-01 






3 


102 


200-0609-00 






5 


103 


0 

8 

8 






1 




200-01 03-00 






1 




129-0077-tX) 






1 




210-0046-0) 






1 




210-0455-0) 






1 


104 


358-0216-00 






2 


105 


260-0717-00 






1 


106 


210-0012-00 






1 


107 


210-0978-00 






1 


108 


210-0590-0) 






1 


1 09 


260-0^-0) 






1 


110 


210-0011-00 






1 


If 1 


210-0940-00 






1 


112 


210-0583-00 






2 


113 


200-0608-00 






1 


114 








1 



FRONT (conf) 



Description 

1 2 3 4 5 



KNOB, charcoal— COUPLING (B TRIGGERING) 
KNOB, charcoal— SOURCE (B TRIGGERING) 
SWITCH, wired— COUPLING & SOURCE 
switch includes: 

SWITCH, lever— COUPLING 
SWITCH, lever— SOURCE 
CONNECTOR, single contact, female 
mounting hardware: (not included w/switch) 
NUT, switch, 4-40 x Yu x 0.562 inch 



SWITCH, toggle— POWER ON 

mounting hardware: (not included w/switch) 

LOCKWASHER, internal, ’/, ID x 0.400 inch OD 

WASHER, flat, '/^ ID x V, inch OD 

NUT, hex., ’4-40 x ’/,< inch 



CONNECTOR, coaxial, 1 contact BNC, (w/hardware) 
FILTER, lens, clear 
FILTER, lens, green 
HOLDER, neon, black 
HOLDER, neon, white 
COVER, neon holder 
ASSEMBLY, binding post 
assembly includes: 

CAP 

POST 

mounting hardware: (not included w/assembly) 
LOCKWASHER, internal, ID x 0.400 inch OD 
NUT, hex., '/4-2B x Ys inch 



BUSHING, gray 
SWITCH, push— RESET 
mounting hardware: (not included w/switch) 
LOCKWASHER, internal, Ys ID x 'A inch OD 
WASHER, flat. Ye ID x 'A inch OD 
NUT, hex., Ye-32 x Yu inch 



SWITCH, push— TRACE FINDER 
mounting hardware: (not included w/switch) 
LOCKWASHER, internal, 'A ID x 'Y32 inch OD 
WASHER, flat, V* ID x Ye inch OD 
NUT, hex., V4-32 X Yu inch 



COVER, variable resistor 

FILTER, mesh (See Standard Accessories Page) 
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FIGURE FO-1 FRONT (aont) 



Q 

Index Tektronix Serial/Model No. t 

No. Fort No. Eff Disc y 12345 



Description 



115 214 0654-00 20000 25629 

214 - 0996-00 25630 

116 333-0891-00 

117 386 0208-00 

118 136-0223-00 

119 210-0223-00 

120 210-0562-00 



121 214-0335-00 

122 210-0593-00 

123 361-0059-00 

124 210-0849-00 

125 210-0994-00 

126 210-0201-00 
127 210-0442-00 



128 

129 210-0223-00 

130 358-0075-00 



131 260-0447-00 



210-0406-00 



132 



133 358-0075-00 



1 SPRING, filter 

1 SPRING, filter 

1 PANEL, front 
1 PLATE, sub-panel front 

1 SOCKET, light 

mounting hardware: (not included w/socket) 
1 LUG, solder, ID x inch OD, SE 
i NUT, hex., V 4 - 4 O X y ,4 inch 



1 BOLT, current loop 

mounting hardware: (not included w/bolt) 

2 NUT, hex., 3-48 x inch 

1 SPACER 

2 WASHER, fiber, shouldered, #4 
2 WASHER, flat, 0.125 ID x 0.250 inch OD 
2 LUG, solder, SE #4 

2 NUT, hex., 3-48 x Yu inch 



1 RESISTOR, variable 

mounting hardware: (not included w/resistor) 
1 LUG, solder, % inch 
1 BUSHING 



1 SWITCH, slide— CALIBRATOR 

mounting hardware: (not included w/switch) 

2 NUT, hex., 4-40 x Vu inch 



1 RESISTOR, variable 

mounting hardware: (not included w/resistor) 
1 BUSHING 



134 


131-0274-00 


3 


135 


343-0005-00 


1 


136 


210-0863-00 


1 


137 


210-0457-00 


1 



138 


366-0236-00 


1 




213-0020-00 


1 


139 


333-0977-00 


1 


140 


426-0267-00 


1 



CONNECTOR, coaxial, BNC (w/hardware) 

CLAMP, cable, plastic, Yu inch 
mounting hardware: (not included w/clamp) 

WASHER, "D" shape, 0.191 ID X x inch long 
NUT, keps, 6-32 x inch 



KNOB, charcoal — B TIME/DIV 
knob includes; 

SCREW, set, 6-32 x Vs inch, HSS 
PANEL, front (calibrator frame) 
FRAME, calibrator 
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FIGURE FO-1 FRONT (cont) 



Q 

Index Tektronix Serial/Model No. t Description 

No. Port No. Eff Disc y 12345 



141 211-0598-00 

142 210-0859-00 

143 354-0153-00 

144 214-0573-00 

145 210-0805-00 
145 354-0155-00 
147 179-0995-01 



148 131-0371-00 



1 SCREW, captive, 5-32 x Vs inch, FHS 
1 WASHER, plastic, Vjj ID x Vs inch OD 
1 RING, retaining 

1 PIN, hinge 

1 WASHER, flat, 0.204 ID x 0.438 inch OD 

1 RING, retaining 

1 CABLE HARNESS, main 

cable harness includes; 

12 CONNECTOR, single contact, female 
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FIGURE FO-2 . ATTENUATOR PREAMPLIFIER ASSEMBLY 



Index Tektronix 
No. Port No. 



Q 

Serial/Model No. t 

Eff Disc y 1 2 3 4 5 



Description 



644-0413-01 1 ASSEMBLY, attenuator preamplifier 



1 


131-0352-00 


2 


2 


166-0402-00 


1 




644-0412-01 


2 


3 


262-0728-01 


1 




260-0720-01 


1 


4 


214-0599-00 


2 


5 




2 


6 


210-0223-00 


1 


7 


210-0046-00 


1 


8 


210-0583-00 


1 


9 


386-1284-00 


1 




210-0053-00 


2 




210-0405-00 


2 


10 


131-0157-00 


1 




610-0473-01 


1 


11 


131-0180-00 


1 




358-0135-00 


1 


19 


260-0621-00 


1 




211-0105-00 


2 




210-0004-00 


2 




210-0406-00 


2 


13 


214-0456-00 


5 


14 


441-0639-00 


1 


15 


378-0541-00 


2 


16 


352-0067-00 


2 


17 


211 -0109-00 


1 




210-0406-00 


2 


18 




2 


19 


210-0583-00 


1 



assembly includes: 

CONNECTOR, coaxial, 1 contact, BNC, female 
w/mounting hardware 

mounting hardware for each: (not included w/connector) 
SPACER, BNC connector 

ASSEMBLY, attenuator switch and chassis (CH 1 & CH 2) 
each assembly includes: 

SWITCH, wired— VOLTS/DIV 
switch includes: 

SWITCH, unwired 
SPRING, switch shaft ground 
RESISTOR, variable 

mounting hardware for each: (not included w/resistor) 
LUG, solder, ID x 7^ inch OD, SE 
LOCKWASHER, internal, ’4 ID x 0.400 inch OD 
NUT, hex., '4-32 x Vu inch 

PLATE, mounting, plastic 

mounting hardware: (not included w/plate) 

LOCKWASHER, split, #2 (not shown) 

NUT, hex., 2-56 x inch (not shown) 

CONNECTOR, terminal, stand off 
ASSEMBLY, attenuator chassis 
assembly includes: 

CONNECTOR, terminal 

mounting hardware: (not included w/connector) 
BUSHING, plastic (not shown) 

SWITCH, lever— AC GND DC 

mounting hardware: (not included w/switch) 

SCREW, 4-40 X Vu inch, 100° csk, FHS (not shown) 
LOCKWASHER, internal, #4 (not shown) 

NUT, hex., 4-40 x Vu inch (not shown) 

FASTENER, press, plastic 
CHASSIS, attenuator 
FILTER, lens, clear 
HOLDER, neon, single 

mounting harware for each: (not included w/holder) 
SCREW, 4-40 X 7b inch, 100° csk, FHS 
NUT, hex., 4-40 x Vu inch (not shown) 

RESISTOR, variable 

mounting hardware: (not included w/resistor) 

NUT, hex., ’4-32 x Vu inch 
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FIGURE FO-2 . ATTENUATOR PREAMPUFIER ASSEMBLY (cont) 



Q 



Index 


Tektronix 


Serial/Model No. 


t 


No. 


Port No. 


Eff 


Disc 


y 


20 


386-0225-00 






1 


21 


262-0727-01 






1 




260-0695-01 






1 


22 


131-0371-00 






8 


23 


407-0157-00 






1 


24 


210-0012-00 






2 


25 


210-0413-00 






1 


26 


384-0679-00 






2 


27 


376-0050-00 






2 




354-0251-00 






2 




376-0046-00 






1 




213-0022-00 






4 


28 


384-0360-00 






2 


29 


376-0029-00 


20000 


21219 


2 




376-0053-00 


21220 




1 




213-0048-00 






2 


30 


348-0056-00 






1 


31 


337-0774-00 






1 




210-0586-00 






2 


32 


337-0768-01 






1 




210-0201-00 

210-0586-00 






1 

4 


33 


337-0769-00 






2 


34 


384-0357-00 






1 


35 


670-0419-04 






1 




388-0646-01 






1 


36 


260-0447-00 






1 


37 


406-0949-00 






1 




210-0054-00 






2 


38 


210-0406-00 






2 


39 


214-0563-00 






1 


40 


214-0506-00 






31 


41 


214-0579-00 






8 


42 


131-0182-00 






4 




358-0135-00 






1 



Description 

2 3 4 5 



PLATE, attenuator 

SWITCH, wired— MODE 
switch includes: 

SWITCH, unwired 

CONNECTOR, single contact, female 
BRACKET, switch . 

LOCKWASHER, internal, V, ID x '/j inch OD 
NUT, hex., %-32 x ’/j inch 
SHAFT, extension 

ASSEMBLY, coupling 
each assembly includes: 

RING, coupling 
COUPLING, plastic 
SCREW, set, 4-40 x Vi« inch, HSS 
ROD, extension, w/gray knob 
COUPLING, shaft 
COUPLING, shaft 
each coupling includes: 

SCREW, set, 4-40 x 'U inch, HSS 
GROMMET, plastic, % inch diameter 
SHIELD, attenuator, side 
mounting hardware: (not included w/shield) 

NUT, keps, 4-40 X V 4 inch (not shown) 

SHIELD, attenuator, center 

mounting hardware: (not included w/shield) 

LUG, solder, SE #4 (not shown) 

NUT, keps, 4-40 X 'A inch (not shown) 

SHIELD, attenuator 
ROD, extension, w/knob 
ASSEMBLY, circuit board— VERTICAL PREAMP 
assembly includes: 

BOARD, circuit 

SWITCH, slide— INVERT 

mounting hardware: (not included w/switch) 

BRACKET 

LOCKWASHER, split, #4 
NUT, hex., 4-40 x inch 

ACTUATOR, slide switch 
PIN, connector 
PIN, test point 

CONNECTOR, terminal, feed-thru 

mounting hardware for each; (not included w/connector) 
BUSHING, plastic (not shown) 
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FIGURE FO-2. ATTENUATOR PREAMPLIFIER ASSEMBLY (c„nt) 

Q 



Index Tektronix Serial/Model No. t 



No. 


Port No. 


Eff 


Disc 


y 


43 


131-0235-00 






2 




358-0135-00 






1 


44 


136-0235-01 






2 


45 


136-0235-00 






2 


46 


136-0183-00 






2 


47 


136-0220-00 






14 


48 


136-0261-00 






6 


49 


200-0642-00 






1 


50 21 1 -01 16-00 






5 


51 


343-0088-00 






1 


52 


179-0992-01 






1 


53 1 31 -0371 -00 






11 


54 


210 - 0012-00 






2 


55 


210-0590-00 






2 


56 








2 


57 


21 0-0223-00 






1 




210-0016-00 






1 


58 


220-0440-00 






1 




211-0116-00 






3 




210 - 1001-00 






3 




210-0457-00 






4 


59 


337-0767-00 


20000 


23849 


1 




337-0767-04 


23850 




1 




211-0007-00 






5 



Description 

1 2 3 4 5 



CONNECTOR, terminal 

mounting hardware for each: (not included w/connector) 
BUSHING, plastic (not shown) 

SOCKET, diode, 6 contact, plastic 
SOCKET, diode, 6 contact 
SOCKET, transistor, 3 pin 
SOCKET, transistor, 3 pin 
SOCKET, connector pin 
CAP 

mounting hardware: (not included w/assembly) 

SCREW, sems, 4-40 x V,« inch, PHB 

CLAMP, cable 

CABLE HARNESS, vertical preamp 
cable harness includes: 

CONNECTOR, single contact, female 
LOCKWASHER, internal, V, IQ x 'A inch OD 
NUT, hex., ye-32 x inch 

RESISTOR, variable 

mounting hardware for each: (not included w/resistor) 

LUG, solder, ID x 7,4 inch OD, SE 
LOCKWASHER, split, ’/, inch ID 
NUT, hex., '/,-32 x '%j inch 

mounting hardware: (not included w/atten preamp assembly) 
SCREW, sems, 4-40 x inch, PHB (not shown) 

WASHER, flat, 0.119 ID x Yg inch OD (not shown) 

NUT, keps, 6-32 x Yu inch (not shown) 



SHIELD, attenuator 
SHIELD, attenuator 

mounting hardware: (not included w/shield) 
SCREW, 4-40 X Yu inch, PHS (not shown) 
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FIGURE 


FO-3 


CRT SHIELD 










Q 




Index 


Tektronix 


Serial/Model No. 


t 


Description 


No. 


Port No. 


Eff 


Disc 


y 


1 2 3 4 5 


1 


337-0754-00 






1 


SHIELD, CRT 


2 


337-0954-01 






1 


SHIELD, CRT (outer) 


3 


348-0070-01 






4 


CUSHION, CRT 


4 


331-0141-00 






1 


MASK, graticule 


5 








1 


COIL 

mounting hardware: (not included w/coil) 


6 


211-0590-00 






2 


SCREW, 6-32 X ’A inch, PHS 


7 


211-0589-00 






1 


SCREW, 6-32 X 0.312 inch, PHS 


8 


210-0863-00 






1 


WASHER, D shape, 0.191 ID x x ”/« inch long 


9 


343-0042-00 






1 


CLAMP, cable, plastic, Vk inch (half) 


10 


343-0131-00 






1 


CLAMP, coil form 

mounting hardware: (not included w/clamp) ’ 


11 


211-0590-00 






2 


SCREW, 6-32 X ’,'4 inch, PHS 


12 


210-0006-00 






2 


LOCKWASHER, internal, #6 


13 


210-0407-00 






2 


NUT, hex., 6-32 x 'A inch 


14 


358-0281-00 






1 


BUSHING 


15 


343-0124-00 






1 


CLAMP, retainer 










- 


mounting hardware: (not included w/clamp) 


16 


211-0599-00 






2 


SCREW, 6-32 X V 4 inch, FIL HS 


17 


220-0444-00 






2 


NUT, square, 6-32 x ’A inch 


18 


352-0091-01 






2 


HOLDER, CRT retainer 










- 


mounting hardware for each: (not included w/holder) 


19 


211-0590-00 






2 


SCREW, 6-32 x 'A inch, PHS 


20 


343-0123-01 






2 


CLAMP, CRT retainer 


21 


220-0444-00 






1 


NUT, square, 6-32 x ’A inch 


22 


211-0600-00 






1 


SCREW, 6-32 x 2 inches. FIL HS 


23 


343-0122-01 






2 


CLAMP 




213-0049-00 






2 


SCREW, 6-32 X Vi 4 inch HHS (not shown) 


24 


210-0949-00 






2 


WASHER, flat, %4 ID x 'A inch OD 


25 


211-0510-00 






2 


SCREW, 6-32 X % inch, PHS 


26 


136-0205-00 






2 


SOCKET, graticule lamp 

mounting hardware for each; (not included w/socket) 


27 


210-0586-00 






1 


NUT, keps, 4-40 x ’A inch 


28 


175-0582-00 






1 


WIRE, CRT lead 




175-0583-00 






1 


WIRE, CRT lead 




175-0584-00 






1 


WIRE, CRT lead 




175-0596-00 






1 


WIRE, CRT lead 












each wire includes: 


29 


131-0049-00 






1 


CONNECTOR, single contact, female 


30 


179-1001-00 






1 


CABLE HARNESS, graticule lights 


31 


179-0997-02 






1 


CABLE HARNESS, anode 










- 


cable harness includes: 


32 


131-0371-00 






9 


CONNECTOR, single contact, female 



(D 
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FIGURE FO-3 CRT SHIELD (cont) 



Q 

Index Tektronix Serial/Model No. t Description 

No. Port No. Eff Disc y 12345 



33 


131-0406-00 


1 


CONNECTOR, anode 
< connector includes; 




131-0206-00 


1 


CONNECTOR, anode clip 




175-0012-00 


FT 


CABLE, high voltage 




200-0544-00 


1 


COVER, anode connector 


34 


136-0227-01 


1 


ASSEMBLY, CRT socket 
assembly includes: 




136-0202-01 


1 


SOCKET, CRT 
socket includes; 




136-0202-00 


1 


SOCKET, CRT 




214-0464-00 


14 


CONTACT, CRT 


35 


200-0616-00 


1 


COVER, CRT socket 
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FIGURE FO-4. A & B SWEEPS 



Q 



Index 


Tektronix 


Seriol/Model 


No. 


t 


No. 


Port No. 


Eff 


Disc 


y 


1 


386-1268-00 






1 


2 


214-0317-00 






2 


3 


210-0627-00 






2 


4 


343-0097-00 






2 


5 


352-0062-00 






2 


6 


211-0033-00 






2 


7 


211-0012-00 






2 


8 


210-0004-00 






4 


9 


214-0368-00 






1 


10 


210-0599-00 






2 


11 


670-0418-02 






1 




388-0645-02 






1 


12 


136-0220-00 






24 


13 


1364)235-00 






1 


14 


2144)5064)0 






49 


15 


2144)579-00 






7 


16 


214-0565-00 






1 


17 


344-0119-00 






6 


18 


210-1014-00 






1 


19 


337-0763-00 






1 


20 


211-01164)0 






6 


21 


343-00894)0 






7 


22 


3434)088-00 






2 


23 


4074)144-00 






1 


24 


211-0504-00 






4 


25 


344-01164)0 






1 


26 


211-0007-00 






1 




210-05864)0 






1 


27 


200-0255-00 






2 


28 


20)4)257-00 






2 


29 








4 


30 


211-0534-00 






2 


31 


3864)252-00 






1 


32 


210-0006-00 






2 




2104)407-00 






2 



Description 

12 3 4 5 



SUPPORT, chassis 
HEAT SINK 
RIVET, heat sink 
CLAMP, heat sink 
HOLDER, heat sink 

mounting hardware for each: [not included w/holder) 

SCREW, sems, 4-40 x */« inch, PHS 

SCREW, 4-40 X y, inch, PHS 

LOCKKWASHER, internal, #4 

SPRING, heat sink 

NUT, sleeve 



ASSEMBLY, circuit board — B Sweep 
assembly includes: 

BOARD, circuit 
SOCKET, transistor, 3 pin 
SOCKET, transistor, 6 pin 
PIN, connector 
PIN, test point 
FASTENER, pin dress 
CLIP, electrical 

WASHER, plastic, 0.094 ID x Vu inch, PHB 
SHIELD 

mounting hardware: (not included w/assembly) 
SCREW, sems, 4-40 x */u inch, PHB 



CLAMP, cable, plastic, large 

CLAMP, cable, plastic, small 

BRACKET capacitor mounting 

mounting hardware: (not included w/brocket) 

SCREW, 6-32 X inch, PHS 



CLIP, capacitor mounting 

mounting hardware: (not included w/clip) 

SCREW, 4-40 X Vw inch, PHS 

NUT, keps, 4-40 X V 4 inch (not shown) 



COVER, capacitor, 1 inch diameter x SVs] inches long 
COVER, capacitor, 1 inch diameter x 2' inches long 
CAPACITOR 

mounting hardware for each: (not included w/copacitor) 

SCREW, sems, 6-32 x Vis inch, PHS 

PLATE, fiber, small 

LOCKKWASHER, internal, #6 

NUT, hex., 6-32 x ’/, inch ‘ 
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FIGURE FO-4. A & B SWEEPS (cont) 
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Q 



Index Tektronix 
No. Pail No, 


Serial/Model No. 
Eff Disc 


t 

y 


Description 

12 3 4 5 


33 179-0990 (il 




1 


CABLE HARNESS, capacitor chassis 


34 131-0371-00 




3 


coble harness includes: 

CONNECTOR, single contact, female 


3 ^ 179-0994-00 




1 


CABLE HARNESS, B Sweep 


36 131 0371-00 




27 


cable harness includes: 
CONNECTOR, single contact, female 


37 1790995-02 




2 


CABLE HARNESS, A Sweep 







- 


cable harness includes: 


38 131-0371-00 




36 


CONNECTOR, single contact, female 


39 407-01 50 (iO 




1 


BRACKET, outer support 


.... ... 




- 


bracket includes: 


40 252-0571 -00 




FT 


NEOPRENE, extruded, 0,208 foot 


. ..... 




- 


mounting hardware: (not included w/bracket) 


91 1 0.504-00 




2 


SCREW, 6-32 X '/, inch, PHS (not shown) 


41 670-04 1 7-02 




1 


ASSEMBLY, circuit board — A Sweep 


. - - 






assembly includes: 


388-C644-07 




1 


BOARD, circuit 


42 136-0220-00 




26 


SOCKET, transistor, 3 pin 


43 136-01 83-00 




1 


SOCKET, transistor, 3 pin 


44 214-0506-00 




47 


PIN, connector 


45 214-0579-00 




8 


PIN, test point 


46 21 4-056,5-00 




2 


FASTENER, pin press 


47 337-0763-00 




1 


SHIELD 


48 343 -0043-00 




1 


CLAMP, neon bulb 


49 21 1 -0 i 1 6-CO 




6 


mounting hardware: (not included w/assembly) 
SCREW, sems, 6-32 x Vu inch, PHB 
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FIGURE 


FO-5 . 


HIGH VOLTAGE ASSEMBLY 




Index 

No. 


Tektronix 
Port No. 


Serial/Model 

Eff 


No. 

Disc 


Q 

t 

y 1 2 3 4 5 


Description 



1 ASSEMBLY, high voltage 
assembly includes: 

1 HOUSING, plastic 

1 CABLE HARNESS 

1 BAR, heat sink 

1 BOARD, high voltage, plastic 

board includes: 

1 STRIP, ceramic, Vm inch h, w/4 notches 

1 STRIP, ceramic, Vu inch h, w/2 notches 

mounting hardware: (not included w/board) 

1 SCREW, 4-40 X Vj inch, BH plastic 

1 BOARD, high voltage, plastic 

board includes: 

8 STRIP, ceramic, 2 notches 

4 STRIP, ceramic, 4 notches 

1 CONNECTOR, terminal stand off 

1 CONNECTOR, terminal feed thru 

2 BUSHING, plastic (not shown) 

3 WASHER, rubber 

1 RESISTOR, variable 

mounting hardware: (not included w/resistor) 

1 LOCKW ASHER, internal, '/i ID x 0.400 inch OD 

1 NUT, hex., V 4-32 X */« inch 

4 STRAP, rubber 

1 TRANSFORMER 

mounting hardware: (not included w/transformer) 

2 SCREW, 6-32 x 2 inches, PHS 

2 WASHER, plastic, Vsj ID x % inch OD 

4 BUSHING, rubber 

1 COVER, plastic, high voltage supply 

mounting hardware: (not included (w/cover) 

2 SCREW, 6-32 x 2 inches, PHS 



1 SHIELD, high voltage supply 
• mounting hardware: (not included w/shield) 
3 SCREW, 6-32 x Vk inch, PHS (not shown) 






621-0424-01 



1 380-0077-00 

2 179-0988-01 

3 381-0243-00 

4 392-0169-00 



5 1 24-01 764X) 

6 1244)175-00 



7 211-00364)0 

8 392-01704)0 



9 124-0163-00 

10 1244)164-00 

11 131-0227-00 

12 131-0359-00 
358-01764)0 

13 2104)9664)0 

14 



2104)0464)0 

15 2104)583-00 

16 3464)032-00 

17 



18 211-0552-00 

19 2104)869-00 

20 3^4)2314)0 

21 2004)6204)0 



22 211-0552-00 



23 3374)752-00 



2114)5(»-00 
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FIGURE FO-6. REAR CHASSIS 



Q 



Index 

No. 


Tektronix 
Part No. 


Serial/Model 

Eff 


No. 

Disc 


t 

y 


1 


441-0719-00 






1 


2 


211-0504-00 






2 




635-0433-00 






1 


3 


369-0025-00 






1 




213-0126-00 






1 


4 


407-0308-01 






1 


5 


147-0027-00 






1 


6 


211-0008-00 






3 


7 


210-0054-00 






3 


8 


211-0012-00 






3 


9 


210-0851-00 






6 


10 


348-0093-00 






3 


11 


220-0471-00 






3 


12 


380-0114-00 






1 


13 








1 


14 


213-0044-00 






2 


15 








3 


16 


211-0510-00 






2 


17 


387-0345-00 






1 


19 


210-0802-00 






2 


18 


210-0811-00 






2 


20 


210-0202-00 






1 


21 


210-0006-00 






1 


22 


210-0407-00 






2 


23 








1 




21 0-0223-00 






1 


24 


210-0940-00 






1 


25 


210-0583-00 






1 


26 


352-0031-00 






1 


27 


211-0507-00 






1 


28 


358-0215-00 






2 



Description 

1 2 3 4 5 



CHASSIS, rear 

SCREW, 6-32 X % inch, PHS 
ASSEMBLY, fan 
assembly inclucfes: 

IMPELLER, fan, axial 
impeller includes; 

SCREW, set, 6-32 x 0.250 inch, HSS 
BRACKET, fan motor 
MOTOR, fan 

mounting hardware: (not included w/motor) 

SCREW, 4-40 X '/, inch, PHS 
LOCKWASHER, #4 split 
mounting hardware: (not included w/assembly) 

SCREW, 4-40 X Vs inch, PHS 

WASHER, flat, 0.119 ID x Vs inch OD 

GROMMET, rubber, shock mount, 0.140 ID x 0.375 inch OD 

NUT, stepped, round, 4-40 x 0.217 inch long 



HOUSING, air flow 
SWITCH, thermostatic 
mounting hardware: not included w/switch) 
SCREW, thread cutting, 5-32 x Vu inch, PHS 



TRANSISTOR 

mounting hardware for each: (not included w/transistor) 

SCREW, 6-32 x Vs inch, PHS 
PLATE, insulator 

WASHER, fiber, shouldered, #6 
WASHER, flat, 0.150 ID x Vu inch OD 
LUG, solder, SE #6 
LOCKWASHER, internal, #6 
NUT, hex., 6-32 x ’4 inch 



RESISTOR, variable 

mounting hardware; (not included w/resistor) 
LUG, solder, '/( ID x Vi< inch OD, SE 
WASHER, flat, 'A ID x Vs inch OD 
NUT, hex., V4-32 X Vu inch 



HOLDER, fuse single 

mounting hardware; (not included w/holder) 
SCREW, 6-32 X Vu inch, PHS 



BUSHING, plastic 
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FIGURE FO-6. REAR CHASSIS (cont) 



Q 

Index Tektronix Serial/Model No. t Description 

No. Port No. Eff Disc y 12345 



29 


214-0210-00 


1 




214-0209-00 


1 




361-0007-00 


1 


30 


124-0147-00 


1 




355-0046-00 


2 




361-0007-00 


2 


31 


124-0145-00 


2 




355-0046-00 


2 




361-0007-00 


2 


32 


210-0202-00 


1 


33 


213-0044-00 


1 


34 


348-0063-00 


5 


35 


348-0064-00 


2 


36 


407-0143-00 


1 




211-0504-00 


4 


37 


348-0056-00 


1 


38 




2 


39 


211-0507-00 


1 


40 


210-0478-00 


1 




210-0601-00 


1 




211-0553-00 


1 


41 


214-0289-00 


2 




220-0410-00 


1 


42 


179-0991-01 


1 


43 


124-0147-00 


1 




355-0046-00 


2 




361-0009-00 


2 



ASSEMBLY, solder spool 
assembly includes: 

SPOOL, solder 

mounting hardware: (not included w/assembly) 
SPACER, plastic, 0.156 inch long 



STRIP, ceramic, ^/u inch h, w/13 notches 
strip includes: 

STUD, plastic 

mounting hardware: (not included w/strip) 
SPACER, plastic, 0.156 inch long 



STRIP, ceramic, inch h, w/20 notches 
each strip includes: 

STUD, plastic 

mounting hardware for each: (not included w/strip) 
SPACER, plastic, 0.156 inch long 



LUG, solder, SE #6 

mounting hardware: (not included w/lug) 
SCREW, thread forming, 5-32 x Vi* inch, PHS 



GROMMET, plastic, ’A inch 
GROMMET, plastic. Vs inch 
BRACKET, regulator 

mounting hardware: (not included w/bracket) 
SCREW, 6-32 x % inch, PHS • 



GROMMET, plastic, 0.354 ID x 0.406 inch OD 
RESISTOR 

mounting hardware for each: (not included w/resistor) 
SCREW, 6-32 X inch, PHS 
NUT, hex., Vu x ’V32 inch long 
EYELET 

SCREW, 6-32 x 1'/, inch, RHS 



HEAT SINK, transistor 

mounting hardware for each: (not included w/heat sink) 
NUT, keps, 10-32X y* inch 



CABLE HARNESS, regulator bracket 
STRIP, ceramic, inch h, w/13 notches 
strip includes: 

STUD, plastic 

mounting hardware: (not included w/strip) 
SPACER, plastic, 0.406 inch long 



®i 
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Index 

No. 


: Tektronix 
Port No. 


FIGURE FO-6. REAR 

Q 

Serial/Model No. t 

Eff Disc y 


CHASSIS (cont) 

Description 

1 2 3 4 5 


44 


124-0119-00 


1 


STRIP, ceramic, Vw inch h, w/2 notches 






- 


strip includes: 




355-0046-00 


1 


STUD, plastic 






- 


mounting hardware: (not included w/strip) 




316-0007-00 


1 


SPACER, plastic, 0.188 inch long 


45 




1 


TRANSISTOR 







- 


mounting hardware: (not included w/transistor) 


46 


211-0510-00 


2 


SCREW, 6-32 X Vs inch, PHS 


47 


386-0143-00 


1 


PLATE, mica insulator 


48 


210-0983-00 


2 


WASHER, shouldered 




210-0802-00 


2 


WASHER, flat, 0.150 ID x V,< inch OD 


49 


210-0202-00 


1 


LUG, solder, SE #6 




210-0006-00 


1 


LOCKWASHER, internal, #6 


50 


21 0-0407-00 


2 


NUT, hex., 6-32 x '4 inch 


51 


670-0415-00 


1 


ASSEMBLY, circuit board— LOW VOLTAGE REGULATOR 
assembly includes: 




388-0642-00 


1 


BOARD, circuit 






- 


board includes: 




388-0642-01 


1 


BOARD, circuit, w/o pins 


52 


214-0506-00 


21 


PIN, connector 


53 


136-0183-00 


4 


SOCKET, transistor, 3 pin 


54 


136-0220-00 


4 


SOCKET, transistor, 3 pin 







- 


mounting hardware: (not included w/board) 


55 


211 -0040-00 


3 


SCREW, 4-40 X ’A inch, BH plastic 


56 


214-0781-00 


3 


INSULATOR, plastic 


57 


343-0088-00 


6 


CLAMP, cable, small 


58 


179-0987-02 


1 


CABLE HARNESS, low voltage regulator 


59 


407-0146-00 


1 


BRACKET, upper, vertical preamp board 


60 


407-0147-00 


1 


BRACKET, upper, vertical preamp board 


61 


670-0416-00 


1 


ASSEMBLY, circuit board— VERT OUTPUT AMP 






- 


assembly includes: 




388-0643-01 


1 


BOARD, circuit 


62 


214-0506-00 


6 


PIN, connector 


63 


136-0220-00 


6 


SOCKET, transistor, 3 pin 


64 


344-0119-00 


4 


CLIP, electrical 






- 


mounting hardware: (not included w/assembly) 


65 


211 -Oil 6-00 


4 


SCREW, 4-40 x Vk inch, PHS w/lockwasher 


66 




1 


TRANSFORMER 

mounting hardware: (not included w/transformer) 


67 


212-0576-00 


20000 25609 4 


SCREW, 10-32 X IVa inches, HHS 




212-0553-00 


25610 4 


SCREW, 10-32 X IV, inches, RHS 


68 


220-0410-00 


4 


NUT, keps, 10-32X % inch 


69 


407-0323-00 


1 


BRACKET, transformer 

mounting hardware: (not included w/bracket) 


70 


212-0004-00 


4 


SCREW, 8-32 X Vu inch, PHS 



® 
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FIGURE FO-6. rear chassis (cont) 



Q 



index 

No. 


Tektronix 
Port No. 


Serial/Model No. 
Eff Disc 


t 

y 


71 


352-0031-00 




2 


72 


211-0538-00 




2 


73 


210-00)6-00 




2 


74 


210-0407-00 




2 


75 


670-0414-04 




1 




388-0641-02 




1 


76 


214-0506-00 




20 


77 


214-0579-0) 




3 


78 


136-0183-00 




4 


79 


136-0220-0) 




4 


80 


211-01164)0 




3 


81 


179-0995-02 




1 




131-0371-00 




37 


82 


386-0202-01 




1 


83 


348-0064-00 




2 


84 


348-0056-00 




2 


85 


348-0055-00 




1 


86 


131-0181-00 




1 




358-0136-00 




1 


87 


343-0002-0) 




1 


88 


211-0507-00 




1 


89 


210-0863-00 




1 


90 


210-0457-00 




1 


91 


129-0069-00 




3 




361-0007-00 




1 


92 


210-0201-00 




1 




213-0044-00 




1 


93 


214-0317-00 




2 


94 


352-0062-00 




2 




211-0033-00 




2 




211-0)12-00 




2 




210-0004-00 




4 




210-0406-0) 




4 



Description 

1 2 S 4 5 



HOLDER, fuse, single 

mounting hardware for each: (not included w/holder) 
SCREW, 6-32 X */,< inch, 100* csk, FHS 
LOCKWASHER, internal, #6 
NUT, hex., 6-32 x >4 inch 



ASSEMBLY, circuit board — Z AXIS 
assembly includes: 

BOARD, circuit 
PIN, connector 
PIN, test point 
SOCKET, transistor, 3 pin 
SOCKET, transistor, 3 pin 
mounting hardware; (not included w/socket) 
SCREW, sems, 4-40 x */,< inch, PHB 



CABLE HARNESS, A sweep 
cable harness includes: 

CONNECTOR, single contact, female 

PLATE, center bulk head 

GROMMET, plostic, *4 inch 

GROMMET, plastic, 0.354 ID x 0.406 inch OD 

GROMMET, plastic, ’4 inch 

CONNECTOR, terminal, standoff 

mounting hardware: (not included w/connector) 

BUSHING, plastic 



CLAMP, cable, Vw inch 

mounting hardware: (not included w/clamp) 

SCREW, 6-32 X ’/u inch, PHS 

WASHER, "D" type, 0.191 ID x ’V «4 x ”44 inch long 

NUT, keps, 6-32 x Vi< inch 



POST, terminal, tie off 

mounting hardware for each: (not included w/post) 
SPACER, plastic, 0.1 B8 inch long 



LUG, solder, SE #4 

mounting hardware: (not included w/lug) 
SCREW, thread forming, 5-32 x Vu inch, PHS 



HEAT SINK 
HOLDER, heat sink 

mounting hardware for each: (not included w/holder) 

SCREW, sems, 4-40 x »/« inch, PHS 

SCREW, 4-40 X Vs inch, PHS 

LOCKWASHER, internal, #4 

NUT, hex., 4-40 x Vw inch 
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Index Tektronix 
No. Part No. 



FIGURE FO-6. 



Seriol/Model No. 
Eff Disc 



REAR CHASSIS (cont) 

Q 

t 

y 1 2 3 4 5 



Description 



95 343-0097-00 2 

96 214-0368-00 4 

210-0627-00 2 

97 210-0599-00 4 

98 202-0142-01 1 



99 210-0504-00 6 

100 343-0013-00 3 



101 211-0507-00 1 

102 210-0863-00 1 

103 210-0473-00 1 

104 1 



211-0504-00 2 

210-0006-00 2 

210-0407-00 2 

105 407-0145-00 1 



106 358-0282-00 1 



21 1 -0097-00 3 

210-0851-00 1 

210- 0935-00 1 

211- 0507-00 1 

213-0049-00 1 

107 348-0055-00 2 



CLAMP, heat sink 
SPRING, heat sink 
RIVET, heat sink (not shown) 
NUT, sleeve 



BOX, high voltage 

mounting hardware: (not included w/box) 

SCREW, 6-32 X % inch, PHS 

CLAMP, cable, Vj inch 

mounting hardware for each; (not included w/clomp) 
SCREW, 6-32 X Vu inch, PHS 
WASHE*, "D" type, 0.191 x ^V<S 4 x inch long 
NUT, keps, 12 sided, ’V3J’32 x 0.634 inch 



CAPACITOR 

mounting hardware: (not included w/capacitor) 
SCREW, 6-32 X 'A inch, PHS 
LOCKWASHER, internal, #6 
NUT, hex., 6-32 x 'A inch 



BRACKET, delay line 
bracket includes; 

BUSHING, insulating 

mounting hardware: (not included w/bracket) 
SCREW, 4-40 X Vu inch 
WASHER, flat, 0.119 ID x V, inch OD 
WASHER, fiber, 0.140 ID x 0.375 inch OD 
SCREW, 6-32 X Vu inch, PHS 
SCREW, 6-32 X Vm inch, HHS 



GROMMET, plastic, 'A inch 
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FIGURE FO-6. REAR CHASSIS (conf) 



Index Tektronix 
No. Port No. 


Serial/Model No. 
Eff Disc 


Q 

t 

y 


Description 

1 2 3 4 5 


V 

^ 119-0029-00 




1 


ASSEMBLY, delay line 






- 


assembly includes: 


108 380-0049-00 




1 


HOUSING, delay line 


109 200-0482-00 




1 


COVER, delay line 






- 


mounting hardware: (not included w/cover) 


110 211-0513-00 




4 


SCREW, 6-32 X Vs inch, PHS 


2104)407-00 




4 


NUT, hex., 6-32 x 'A inch 


111 131-0272-00 




1 


CONNECTOR, left hand mounting 






- 


mounting hardware: (not included w/connector) 


21 1-0097-00 




1 


SCREW, 4-40 X Vu inch, PHS 


2104)0044)0 




1 


LOCKWASHER, internal, #4 


112 21 04)4064)0 




1 


NUT, hex., 4-40 x Vi< inch 


113 131-0271-00 




1 


CONNECTOR, right hand mounting 






- 


mounting hardware: (not included w/connector) 


211-0097-00 




1 


SCREW, 4-40 X Vu inch, PHS 


2104)004-00 




1 


LOCKWASHER, internal, #4 


2104)4064)0 




1 


NUT, hex., 4-40 x Vu inch 


114 1314)157-00 




2 


CONNECTOR, terminal standoff 


131-01584)0 




2 


CONNECTOR, terminal, feed-thru 


115 211-0517-00 




1 


SCREW, 6-32 X 1 inch, PHS 


210-04074X) 




1 


NUT, hex., 6-32 x ’A inch 






- 


mounting hardware: (not included w/assembly) 


210-0457-00 




1 


NUT, keps, 6-32 x Vu inch 
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FIGURE FO-7. CABINET & FRAME 



Q 



Index 

No. 


Tektronix 
Port No. 


Serial/Model No. 
Etf Disc 


t 

y 


Description 

12 3 4 5 


1 


200-0633-02 






1 


ASSEMBLY, front cover (type 453 only) 












assembly includes: 


2 


214-0531-01 






2 


LATCH ASSEMBLY 


3 


348-0013-00 






4 


FOOT, rubber 


4 


214-0755-00 






2 


PIN, hinge, plastic 


5 


252-0571-00 






FT 


EXTENSION, neoprene, 3 feet 


6 


348-0091-00 






1 


CUSHION, cover, bottom 


7 


200-0710-00 






1 


DOOR, accessory storage 












door includes; 


8 


352-0093-00 






1 


HOLDER, fuse storage 


9 


204-0282-00 






1 


BODY, latch 


10 


214-0787-00 






1 


STEM, latch 


11 


348-0118-00 






1 


CUSHION, cover 


12 


386-1177-00 






1 


PLATE, cabinet, bottom 


13 


348-0080-01 






4 


FOOT, rubber 












mounting hardware for each: (not included w/foot) 




210-0005-00 






1 


LOCKWASHER, external, #6 


14 


211-0504-00 






1 


SCREW, 6-32 X 'A inch, PHS. 


15 


386-1178-00 






1 


PLATE, cabinet, top 


16 


367-0058-00 






1 


HANDLE, carrying 












mounting hardware: (not included w/handle) 


17 


211-0512-00 






4 


SCREW, 6-32 X Vi inch, 100° csk, FHS 


18 


200-0602-00 






2 


COVER, handle 


19 


214-0516-00 






2 


SPRING, handle index 


20 


214-0578-00 






2 


HUB, index handle 


21 


214-0513-00 






2 


INDEX, handle ring 










- 


mounting hardware for each: (not included w/hub) 




213-0129-00* 






1 


SCREW, hex., socket head, ’/4-20 x V4 inch 


22 


214-0910-01 






2 


SCREW, cabinet latch 




354-0175-00 






2 


RING, retaining 


23 


426-0260-00 






2 


FRAME, rail 












mounting hardware for each: (not included w/frame) 


24 


212-0560-00 


20000 


23179 


4 


SCREW, 10-32 X Vu inch, 100° csk, FHS 




212-0506-00 


23180 




4 


SCREW, 10-32 X Va inch, 100° csk, FHS 


25 


426-0317-01 






1 


FRAME, cabinet, rear 


26 


348-0078-00 


20000 


22989 


4 


FOOT, body & cord holder 




348-0078-01 


22990 




4 


FOOT, body & cord holder 


27 


348-0079-00 


20000 


22989 


4 


FOOT, cap 




348-0079-01 


22990 




4 


FOOT, cap 


28 


212-0082-00 


20000 


22989 


4 


SCREW, 8-32 X I’A inches, PHS 




212-0001-00 


22990 




4 


SCREW, 8-32 X ’A inch, PHS 




129-0146-00 


X22990 




4 


POST, metal, V4 inch long (not shown) 


29 


129-0020-00 






1 


POST, binding 










- 


post includes: 




200-0072-00 






1 


CAP, binding post 




355-0503-00 






1 


STEM, adapter 










- 


mounting hardware: (not included w/post) 


30 


220-0410-00 






1 


NUT, keps, 10-32 X % inch 
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FIGURE FO-7. CABINET & FRAME 
Q 



Index Tektronix Serial/Model No. t 



No. 


Port No. 


Eff 


Disc y 


31 


129-0064-00 




1 


32 


358-0181 -00 




1 




2104)203-00 




1 


33 


210-0457-00 




1 


34 


3464)043-00 




1 


35 


386-1187-00 




1 


36 


211-0565-00 




4 


37 


386-1122-00 




1 


38 


2114)504-00 




2 


39 


358-0323-00 




1 


40 


161-00334)0 




1 


41 


204-02794)0 




1 




210-0006-00 




2 




210-0407-00 




2 


42 


200-0704-00 




1 


43 


352-0102-00 




2 


44 


213-00354X) 




2 


45 


378-0036-01 




1 


46 


380-0082-00 




1 


47 


213-0107-00 




4 


48 


179-1 1404X) 




1 


49 


3434)004-00 




1 




2114)510-00 




1 




2104)863-(K) 




1 


50 


210-0457-00 




1 



Description 

1 2 3 4 5 



POST, binding 

mounting hardware: (not included w/post) 

BUSHING, plastic 

LUG, solder, SE #6 long 

NUT, keps, 6-32 X Vi< inch 



STRAP, ground 
PLATE, rear panel 

mounting hardware: (not included w/plate) 
SCREW, 6-32 X 'U inch, THS 



PLATE 

mounting hardware: (not included w/plate) 
SCREW, 6-32 X 1/4 inch, PHS 



FASTENER, power cord 

CORD, power, 3 conductor 

BODY, line voltage selector 

mounting hardware: (not included w/body) 

LOCKWASHER, internal, #6 (not shown) 

NUT, hex., 6-32 x ’/( inch (not shown) 



COVER, line voltage selector 
cover includes: 

HOLDER, fuse, plastic 

mounting hardware for each: (not included w/holder) 
SCREW, thread cutting, 4-40 x 'U inch (not shown) 
FILTER, air 
HOUSING, fan filter 

mounting hardware: (not included w/housing) 

SCREW, thread forming, 4-40 x ’/i inch, FHS 



CABLE HARNESS, w/connector, line voltage selector 
CLAMP, cable, plastic, Vu inch diameter 
mounting hardware: (not included w/clamp) 

SCREW, 6-32 X ’/* inch, PHS 

WASHER, “D" shape, 0.191 ID x ’V«4 x ®V«4 inch long 

NUT, keps, 6-32 x inch 
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FIGURE FO-8. TYPE R453 



Index 

No. 


Tektronix 
Part No. 


Serial/Model No. 
Eff Disc 


Q 

t 

Y 


Description 

1 ? ^ 4 S 


1 






1 


TYPE 453 OSCILLOSCOPE 


2 


426-0297-00 




1 


FRAME, front 


3 


386-1059-00 




1 


PLATE, shield 

mounting hardware: (not included w/plate) 


4 


211-0503-00 




3 


SCREW, 6-32 X Yu inch, PHS 


5 


386-1063-00 




1 


PLATE, front frame backing, top 
mounting hardware: (not included w/plate) 


6 


212-0002-00 




1 


SCREW, 8-32 X 'A inch, 100° csk, FHS 


7 


386-1062-00 




1 


PLATE, front frame backing, bottom 
mounting hardware: (not included w/plate) 


8 


212-0002-00 




1 


SCREW, 8-32 X 'A inch, 100° csk, FHS 


9 


200-0668-00 




1 


COVER, bottom 

mounting hardware: (not included w/cover) 


10 


212-0001-00 

211-0502-00 




2 

1 


SCREW, 8-32 X ’A inch, PHS 

SCREW, 6-32 X Vu inch, 100° csk, FHS (not shown) 


11 


200-0667-00 




1 


COVER, top 

mounting hardware: (not included w/cover) 


12 


212-0001-00 




2 


SCREW, 8-32 X ’A inch, PHS 


13 


211-0502-00 




1 


SCREW, 6-32 X Yu inch, 100° csk, FHS 


14 


386-1064-00 




1 


PLATE, side 

mounting hardware: (not included w/plate) 


15 


212-0043-00 




4 


SCREW, 8-32 X 'A inch, 100° csk, FHS 


14 


212-0040-00 




1 


SCREW, 8-32 X Vs inch, 100° csk, FHS 


17 


212-0023-00 




1 


SCREW, 8-32 X Ya inch, PHS 


18 


210-0458-00 




6 


NUT, keps, 8-32 X "Aj inch 


19 


351-0104-00 




1 


GUIDE, w/mounting hardware (pair) 


20 


426-0291-02 




1 


FRAME, support, right 

mounting hardware: (not included w/frame) 


21 


212-0040-00 




4 


SCREW, 8-32 X Ya inch, 100° csk, FHS 


22 


426-0291-01 




1 


FRAME, support, left 

mounting hardware: (not included w/frame) 


23 


21 2-0040-00 




4 


SCREW, 8-32 X Ya inch, 100° csk, FHS 



® 
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Index 

No. 


Tektronix 
Part No. 


Serial/Model No. 
Eff Disc 


Q 

t 

y 


Description 

1 2 3 4 5 


24 


213-0129-00 




4 


SCREW, >4-20 X inch, HSS 


25 


361-01204X) 




2 


SPACER, stepped 


26 


:^1061-00 




1 


PLATE, hinge 








- 


mounting hardware: (not included w/plate) 


27 


211 -0503-00 




3 


SCREW, 6-32 X Vu inch, PHS 


28 


358-021 54X) 




1 


BUSHING, black plastic 


29 


211-0507-0) 




1 


SCREW, 6-32 X Vu inch, PHS 


30 


134-0067-00 




4 


PLUG, gray plastic 


31 


386-1261-00 




1 


PLATE, rear 


32 


212-0010-00 




4 


SCREW, 8-32 X Vs inch, PHS 


33 


2104^08-00 




1 


WASHER, centering 








- 


mounting hardware: (not included w/washer) 


34 21 1 -0507-00 




1 


SCREW, 6432 x Vu inch, PHS 


35 


210-0457-00 




1 


NUT, keps, 6-32 X Vu inch 


36 


386-10664)0 




2 


PLATE, pin retaining 








- 


mounting hardware for each: (not included w/plate) 


37 


212-0008-0) 




2 


SCREW, 8-32 X '/j inch, PHS 


38 


367-0022-00 




2 


HANDLE 








- 


mounting hardware for each: (not included w/handle) 


39 


213-0090-00 




2 


SCREW, 10-32 X 'U inch, HHS 
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SECTION 9 
DIAGRAMS 



This section consists of the following fold-out diagrams (applicable to 
equipments serial-numbered 20,000 and up) located at the back of the text. 



FO-10 Block Diagram 



FO-11 Channel 1 Vertical Preamp 



FO-12 Channel 1 Attenuators 



FO-13 Channel 2 Vertical Preamp 



FO-14 Channel 2 Attenuators 



FO-15 Vertical Switching 



FO-16 Vertical Output Amplifier 



FO-17 Trigger Preamp 



FO-18 Trigger Generator (A) 



FO-19 A Sweep Generator 



FO-20 Trigger Generator (B) 



<S> 

<s> 

<$> 



FO-21 B Sweep Generator 



I FO-22 ] A and B Timing 
Switch 



FO-23 Horizontal Amplifier 



FO-24 Horizontal Display 
Switch 



FO-25 Z Axis Amplifier 



FO-26 CRT Circuit 



FO-27 Power Supply and 
Distribution 





FO - 2 8 



Calibrator 
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SECTION 10 
RACKMOUNTING 



Introduction 

The Tektronix Type R453 Osciiioscope isdesigned to mount 
in a standard 19-inch rack. When mounted in accordance 
with the foiiowing mounting procedure this instrument wiii 
meet aii eiectricai and environmentai characteristics given 
in lisection ll of this manuai. 



Rack Dimensions 

Height. At ieast seven inches of verticai space is required 
to mount this instrument in a rack. 

Width. Minimum width of the opening between the ieft 
and right front raiis of the rack must be IZVj inches. This 
aiiowsroom on each side of the instrument for the siide-out 
tracks to operate freeiy, permitting the instrument to move 
smoothiy in and out of the rack 

Depth. Totai depth necessary to mount the Type R453 
in a cabinet rack is 18 inches. This aiiows room for air cir- 
cuiation, powercord connectionsand the necessary mount- 
ing hardware. 



Siide-out Tracks 

I Fig. 10- II shows the Type R453 instaiied in a cabinet-type 
rack. The siide-out tracks provided with the Type R453 per- 
mit it to be extended out of the rack for maintenance or 
caiibration without removing the instrument from the rack 
In the fully extended position, the Type R453 can be tilted 
up so the bottom of the instrument can be reached for 
maintenance orcalibration. To operate the Type R453 in the 
extended position, be sure the powercord and any inter- 
connecting cables are long enough for this purpose. When 
not extended, the instrument is held in the rack with four 
securing screws (s de Fig. lOl lA). 

The slide-out tracks consist of two assemblies-one for the 
left side of the instrument and one for the right side I Fig.1 
1 10-2 I shows the complete slide-out track assemblies. The 
stationary section of each assembly attaches to the front and 
rear rails of the rack, and the chassis section is attached to 
the instrument. The intermediate section slides between the 
stationary and chassis sections and allows the Type R453 to 
be extended out of the rack. When the instrument is ship- 
ped, the stationary and intermediate sections of the tracks 
are packaged as matched sets and should not be separated. 
Ta identify the left or right assembly, note the position of the 
automatic latch (s de Fig. I0l 2). When mounted in the rack 
the automatic latch should be atthe top of both assemblies. 
The chassis sections are installed on the instrument at the 
factory. 

The hardware needed to mount the slide-out tracks is 
shown in IFig. 10-Tl 5jnce the hardware supplied is intended to 
make the tracks compatible with a variety of cabinet racks 
and installation methods, not all of it will be needed forthis 



installation. Use only the hardware that is required for the 
mounting method used. 



Mounting Procedure 

The following mounting procedure uses the rear support 
kit (se <r Fig. 10 -4 and 10-7] to meet the environmental char- 
acteristics of the instrument (shock and vibration). Two alter- 
native mounting methods are described at the end of this 
procedure. However, when mounted according to these 
alternative methods, the instrument may not meet the given 
environmental characteristics for shock and vibration. 

The mounting flanges of the stationary sections may be 
mounted in front of or behind the front rails of the rack 
depending on the type of rack If the front rails of the rack 
are tapped for 10-32 screws, the mounting flanges are placed 
in front of the rails If the front rails of the rack are not tap- 
ped for 10-32 screws, the mounting flanges are placed behind 
the front rail and a bar nut is used ! Fio. lU-bl shows these 
methodsof mounting the stationary sections 

The rear of the stationary sections must be firmly sup- 
ported to provide a shock-mounted installation. This rear 
support must be located 17.471 inches, ±0.031 inches, from 
the outside surface of the front rail when the mounting flange 
is mounted outside of the rail, or 17.531 inches, ±0.031 
inches, from the rearsurface of the front rail when the mount- 
ing flange is mounted behind the front rail. If the cabinet 
rack does not have a strong supporting member located the 
con^ct distance from the front rail, an additional support 
must be added. The instrument will not meet the environ- 
mental specifications unless firmly supported at this point. 

I Fig. 10-4] illustrates a typical rear installation using the rear 
support kit and gives the necessary dimensions. 

Use the following procedure to install the Type R453 in 
a rack: 

1. Select the proper front-rail mounting holes for the sta- 
tionary sections using the measurements shown i d Fio. lU-'5] 

2a. If the mounting flanges of the stationary sections are 
to be mounted in front of the front rails (rails tapped for 
10-32 screws), mount each stationary section as shown in 
I Fio. 10- t A. 

2b. If the mounting flanges of the stationary sections are 
to be mounted behind the front rails (rails not tapped for 
10-32 screws), mount each stationary section as shown in 
I Flo. 10-S B. 

3. Attach an angle bracket to both rear rails of the rack 
through the spacerblock stationary section and into the rear 
rail of the rack. Note that the holes in the spacer block 
are not centered. Be sure to mount the block with the nar- 
row edge toward the front of the rack otherwise, the instru- 
ment may not slide all the way into the rack. Do not tighten 
the mounting screws. rFia. 10-7 I shows the parts in the rear 
support kit and the order in which they are assembled. 
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4. Assemble the support pin to the angle bracket in the 
order shown in I Flo. 10-7.1 Leave the spacer (washer) off, 
but install the neoprene washer. 

5. Install a support block on each side of the instrumental 
shown in I Flo. lO-'Hl 

6. Refer to TFIg. 10-9l to insert the instrument into the rack 
Do not connect the power cord or install the securing screws 
until all adjustments have been made. 

7. With the instrument pushed all the way into the rack 
adjust the angle brackets so the neoprene washers on the 
support pins are seated finrily against the rear of the instru- 
ment and the support pins are correctly positioned in the 
support block on the rear of the instrument, lighten all 
screws 

8. Pull the instrument partially out of the rack 

9. Remove the neoprene washers from the support pins and 
place the spacers on the pins Replace the neoprene washers 

10. Position the instrument so the pivot screws (widest 
part of instrument) are approximately even with the front 
rails 

11. Adjust the alignment of the stationary sections ac- 
cording to the procedure outlined i h Flo. lO-TT) . (If the rear 
alignment is changed, recheck the rear support pins for 
correct alignment.) 

12. Afterthe tracks operate smoothly, connect the power 
cord to the powersource. 

13. Push the instrument all the way into the rack and 
secure it to the rack with the securing screws and washers as 
shown in i Fig. lO^ C. 

NOTE 

The securing screws are an important part of the 
shock-mounted installation. If the front rails are 
not tapped for the 10-32 securing screws, other 
means must be provided for securing the instrument 
to the rack. 



Alternative Rear Mounting Methods 
CAUTION 

Although the following methods provide satis- 
factory mounting under nornial conditions, they 
do not provide solid support at the rear of the 
instrument. If the instrument is subjected to severe 
shock or vibration when mounted using the fol- 
lowing methods, it may be damaged. 

An alternative method of supporting the rear of the instru- 
ment is shown in Fig. lO-lTTl The rear support brackets 
supplied with the instrument allow it to be mounted in a rack 
which has a s pacing betw een the front and rear rails of 11 
to 24 inches. rFio. lO-llik illustrates the mounting method 
if the rear rails are tapped for 10-32 screws, and I Fig. Tol 
11 B illustrates the mounting method if the rear rails are 
not tapped for 10-32 screws. The rear support kit is not 
used forthis installation. 

If the rack does not have a rear rail, of if the distance 
between the front and rear rails is too large, the instrument 
may be mounted without the use of the slide-out tracks. 
Fasten the instrument to the front rails of the rack with the 
securing screws and washers. This mountina method should 
be used only if the instrument will not be subjected to shock 
or vibration and if it is installed in a stationary location. 



Removing or Installing the Instrument 

After initial installation and adjustment of the slide-out 
tracks, the Type R453 can be removed or installed by fol- 
lowing the instructions oive li in Flo. I 10-9. No further ad- 
justmentsare required undernormal conditions. 



Slide-out Track Lubrication 

The siide-out tracks normally require no lubrication. The 
special finish on the sliding surfaces provides pemianent 
lubrication. However, if the tracks do not slide smoothly 
even afterproperadjustment, a thin coating of paraffin rub- 
bed onto the sliding surfaces may improve operation. 
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Fig. 10-3. Hardware needed to mount the instrument in the cabinet rack. 
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Fig. 10-7. Rear support kit. 




Fig. 10-8. Installing the support black on the Instrument. 
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TO REMOVE THE TYPE R4S3: 



1. Rtmov* the tecuring xrewi 
and waiheri. 

3. Put! the [ntfrumenl outward 
until tho stop latches snap 
Into the stop latch holes. 

3. Disconnect the power cord. 

4. Press both stop latches and 
pull the instrument out of 
the rack. 



TO INSERT THE TYPE R4S3; 



1. Pull the intermediate sec- 
tion of each illdeout track 
out to It* fully extended 
position. 



3. Press both stop latches and 
push the instrument Into the 
rack until the latches snop 
into the stop latch holes. 



5. Again press the stop 
latches and push the in- 
strument oil the way Into 
the rack. 



6. To secure the Type R4S3 
to the rack, Insert the 4 
securing screws I with fin- 
ishing washers ond teflon 
washers) through the slots 
In the instrument front 
panel and screw them Into 
the front rails of the rock. 



2. Insert the chatsis sections 
Ion instrumont) Into tho 
Intermodioto sections. 



4. Connect tho power cord to 
the power source. 



Fig. 10-9. Procedure for inserting or removing the instrument after the siideout tracks have been instaiied. 
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TO ADJUST ALIGNMENT: 



1 . Position Hit instrumont with the pivot screws ap* 
proxlmcrtoly oven with tho front roils. 

7. Loosen the mounting screws at the front of both 
stationary sections Heft side shown). 



3. Allow the tracks to seek their normol positions 
with the instrument centered in the rock. 

4 . Tighten the mounting screws. 

5. Push the instrument oil the way into the rack. 
If trocks do not slide smoothly, check for correct 
spacing between the rear supports. 

6. Check tho vertical positioning of the Type R453 
front panel with respect to odjacent instruments or 
ponots. If not correct, reposition as necessary. 



DEEP RACK CONFIGURATION; 



Fig. 10-10. Alignment adjustments for correct operation. 



DEEP RACK CONFIGURATION: 



Left rear 
rail of 
cabinet 
rack^ 



Rail 

tapped ^ 
for 10-32 



Rear^g 
mounting! 
bracket A 



SHALLOW RACK CONFIGURATION; 



Stationary 
section of 
slideout 
track 



Left rear 
rail of 
cabinet 
rack A 




Rear^ 
mounting 
bracket d 



Stationary 
section of 
slideout 
track 



SHALLOW RACK CONFIGURATION; 



Left rear 
rail of 
cabinet 
rack ^ 



Rear^ 
®HS mounting 
screw bracket^ 



Rail 
tapped 
for 10-32 



Stationary 
section of 
slideout 
track 



Rear ^ 
mounting 
bracket J 



Left reor 
rail of 
cabinet 
rack > 




Stationary 
section of 
slideout 
track 



l^_Rear rail tapped for 10-32 screws 



IB) Untapped rear rail 



Fig. 10-11. Alternative method of installing the instrument using rear support brackets. 
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APPENDIX A 
REFERENCES 



DA Pam 310-4 

DA Pam 310-7 

SB 38-100 

TB SIG 355-1 
TB SIG 355-2 
TB SIG 355-3 

TB 43-0118 



TB 43-180 
TM 11-6625-938-15 

TM 11-6625-1549-15 
TM 11-6625-1615-15 
TM 11-6625-2376-15 

TM 11-6625-2381-15 

TM 11-6625-2383-15 
TM 11-6625-2384-15 

TM 11-6625-2385-15 

TM 11-6625-2386-15 
TM 11-6625-2399-15 

TM 11-6625-2400-15 

TM 38-750 
TM 740-90-1 
TM 750-244-2 



Index of Technical Manuals, Technical Bulletins, Supply Manuals (Types 
7, 8, and 9), Supply Bulletins, and Lubrication Orders. 

Military Publications: US Army Equipment Index of Modification Work 
Orders. 

Preservation, Packaging, Packing and Marking Materials, Supplies and 
Equipment Used by the Army. 

Depot Inspection Standard for Repaired Signal Equipment. 

Depot Inspection Standard for Refinishing Repaired Signal Equipment. 

Depot Inspection Standard for Moisture and Fungus Resistant Treat- 
ment. 

Field Instructions for Painting and Preserving Electronics Command 
Equipment Including Camouflage Pattern Painting of Electrical 
Equipment Shelters. 

Calibration Requirements for the Maintenance of Army Materiel 

Operator, Organizational, Direct Support, General Support, and Depot 
Maintenance Manual: Transportable Maintenance Calibration Facil- 
ity, AN/TSM-55A. 

Operator's, Organizational, Direct Support, General Support, and Depot 
Maintenance Manual: Test Set, Radio Frequency Power AN/USM-260. 

Organizational, DS, GS, and Depot Maintenance Manual: Hewlett- 
Packard Oscilloscope Model 130C. 

Operator's, Organizational, DS, GS, and Depot Maintenance Manual, 
Including Repair Parts and Special Tools Lists: Signal Generator 
AN/USM-256. 

Operator's, Organizational, DS, GS, and Depot Maintenance Manual, 
Including Repair Parts and Special Tools Lists: Signal Generator 
AN/USM-269. 

Operator's, Organizational, DS, GS, and Depot Maintenance Manual: 
Electronic Marker Generator AN/USM-271. 

Operator's, Organizational, DS, GS, and Depot Maintenance Manual, 
Including Repair Parts and Special Tools Lists: Signal Generator 
AN/USM-272. 

Operator's, Organizational, Direct Support, General Support, and Depot 
Maintenance Manual: Multimeter, ME-333/U (NSN 6625-00-935-1425) 
and J -Omega Volt-Ohm meter. Types 213A, 215A, and 219A. 

Operator's, Organizational, Direct Support, General Support, and Depot 
Maintenance Manual: Multimeter ME-338/U (NSN 6625-00-054-3486). 

Operator's, Organizational, Direct Support, General Support, and Depot 
Maintenance Manual (Including Repair Parts and Special Tool Lists): 
Electrical Meter Test Set, TS-2734/U. 

Operator's, Organizational, Direct Support, General Support, and Depot 
Maintenance Manual (Including Repair Parts and Special Tools Lists): 
Voltmeter TS-2843/U. 

The Army Maintenance Management System (TAMMS). 

Administrative Storage of Equipment. 

Procedures for Destruction of Electronics Materiel to Prevent Enemy 
Use (Electronics Command). 
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APPENDIX B 



ITEMS COMPRISING AN OPERABLE EQUIPMENT 



Oscilloscope AN/USM-273 

1 ea Oscilloscope OS-188/U Major 

2 ea Adapter, Connector UG-1825/U 
lea Adapter, Connector UG-1826/U 
1 ea Adapter, Connector UG-1867/U 

1 ea Cable Assembly, (SP) Electrical CX-10551/U 

2 e a Lead, Test CX-10552/U 

1 ea Cable Assembly, RE CG-3363/U 
1 ea Cover, Oscilloscope CU-931/U 



Tektronix Model 453 
equipment less accessories 
TEK 103-0033-00 
TEK 012-0092-00 
TEK 103-0013-00 
TEK 161-0024-00 
TEK 010-0188-00 
TEK 012-0076-00 
TEK 016-0074-01 



The 


following additional 


items 


were furnished 


with the equipments supplied 


Transportable 


Maintenance 


Calibration Facility 


AN/TSM-55 (V) . 




1 


ea CRT Ring 






TEK 


354-0269-00 


1 


ea Mesh 


Filter 






TEK 


378-0573-00 


1 


ea Light 


Filter 






TEK 


376-0576-00 


1 


ea CRT Protector Plate 




TEK 


386-0218-00 


2 


ea Fuse, 


fast-blo, 2 


amp, 


3 A(3 


TEK 


159-0021-00 


1 


ea Fuse, 


fast-blo, 1 


amp,^ 


3 AG 


TEK 


159-0022-00 


1 


ea Fuse, 


fast-blo, 4 




3 AO 


TEK 


159-0025-00 


1 


ea Fuse, 


fast-blo, -j 


' amp. 


3 AO 


TEK 


159-0026-00 
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APPENDIX C 

MAINTENANCE ALLOCATION 



Section I. INTRODUCTION 



C-1. General 

This appendix provides a summary of the mainte- 
nance operations for Osciiioscope AN/USM-273 
(Tektronix 453). it authorizes categories of main- 
tenance for specific maintenance functions on 
repairabie items and components and the toois and 
equipment required to perform each function.This 
appendix may be used as an aid in pianning 
maintenance operations. 

C-2. Maintenance Function 

Maintenance functions wiii be iimited to and 
defined as foiiows: 

a. inspect. To determine the serviceabiiity of an 
item by comparing its physicai, mechanicai, and/or 
eiectricai characteristics with estabiished stand- 
ards through examination. 

b. Test. To verify serviceabiiity and to detect 
incipient faiiure by measuring the mechanicai or 
eiectricai characteristics of an item and comparing 
those characteristics with prescribed standards. 

c. Service Operations required periodicaiiy to 
keep an item in proper operating condition; i.e., to 
dean (decontaminate), to preserve, to drain, to 
paint, or to repienish fuei, iubricants, hydrauiic 
fiuids, or compressed air suppiies. 

d. Adjust. To maintain, within prescribed iimits, 
by bringing into proper or exact position, or by 
setting the operating characteristics to the 
specified parameters. 

e. Aiign. To adjust specified variabie eiements of 
an item to bring about optimum or desired 
performance. 

f. Caiibrate To determine and cause corrections 
to be made or to be adjusted on instruments or test 
measuring and diagnostic equipments used in 
precision measurement. Consists of comparisons of 
two instruments, one of which is a certified 
standard of known accuracy, to detect and adjust 
any discrepancy in the accuracy of the instrument 
being compared. 

g. instaii. The act of empiacing, seating, or fixing 
into position an item, part, moduie (component or 
assembiy) in a manner to aiiow the proper 
functioning of the equipment or system. 

h. Repiace The act of substituting a serviceabie 
iike type part, subassembiy, or moduie (component 
or assembiy) for an unserviceabie counterpart. 

i. Repair. The appiication of maintenance serv- 



ices (inspect, test, service, adjust, aiign, caiibrate, 
repiace) or other maintenance actions (weiding, 
grinding, riveting, straightening, facing, re- 
machining, or resurfacing) to restore serv- 
iceabiiity to an item by correcting specific damage, 
fauit, maifunction, or faiiure in a part, subassem- 
biy, moduie (component or assembiy), end item, or 
system. 

j. Overhaui. That maintenance effort (service/ 
action) necessary to restore an item to a compieteiy 
serviceabie/operationai condition as prescribed by 
maintenance standards (i.e., DMWR) in appropri- 
ate technicai pubiications. Overhaui is normaiiy 
the highest degree of maintenance performed by 
the Army. Overhaui does not normaiiy return an 
item to iike new condition. 

k. Rebuiid. Consists of those services/actions 
necessary for the restoration of unserviceabie 
equipment to a iike new condition in accordance 
with originai manufacturing standards. Rebuiid is 
the highest degree of materiei maintenance 
appiied to Army equipment. The rebuiid operation 
inciudes the act of returning to zero those age 
measurements (hours, miies, etc.) considered in 
dassifying Army equipments/components. 

C-3. Column Entries 

a. Column 1, Group Number. Column 1 lists 
group numbers, the purpose of which is to identify 
components, assemblies, subassemblies, and mod- 
ules with the next higher assembly. 

b. Column 2, Component/ Assembly. Column 2 
contains the noun names of components, as- 
semblies, subassemblies, and modules for which 
maintenance is authorized. 

c. Column 3, Maintenance Functions. Column 3 
lists the functions to be performed on the item 
listed in column 2. When items are listed without 
maintenance functions, it is solely for purpose of 
having the group numbers in the MAC and RPSTL 
coincide. 

d. Column 4, Maintenance Category. Column 4 
specifies, by the listing of a "work time" figure in 
the appropriate subcolumn(s), the lowest level of 
maintenance authorized to perform the function 
listed in column 3. This figure represents the active 
time required to perform that maintenance func- 
tion at the indicated category of maintenance. If 
the number or complexity of the tasks within the 
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listed maintenance function vary at different 
maintenance categories, appropriate "work time" 
figures will be shown for each category. The 
number of task-hours specified by the "work time" 
figure represents the average time required to 
restore an item (assembly, subassembly, compo- 
nent, module, end item or system) to a serviceable 
condition under typical field operating conditions. 
This time includes preparation time, trouble- 
shooting time, and quality assuranc^quality con- 
trol time in addition to the time required to 
perform the specific tasks identified for the 
maintenance functions authorized in the mainte- 
nance allocation chart. Subcolumns of column 4 
are as follows: 

C - Operator/Crew 
O - Organizational 
F - Direct Support 
H - General Support 
D - Depot 

e. Column 5, Tools and Equipment. Column 5 
specifies by code, those common tool sets (not 
individual tools) and special tools, test, and support 
equipment required to perform the designated 
function. 

f. Column 6, Remarks. Column 6 contains an 
alphabetic code which leads to the remark in 
section IV, Remarks, which is pertinent to the item 
opposite the particular code. 



C-4 Tool and Test Equipment Requirements 
(Sec III) 

a. Tool or Test Equipment Reference Code The 
numbers in this column coincide with the numbers 
used in the tools and equipment column of the 
MAC. The numbers indicate the applicable tool or 
test equipment for the maintenance functions. 

b. Maintenance Category. The codes in this 
column indicate the maintenance category allo- 
cated the tool or test equipment. 

c. Nomenclature. This column lists the noun 
name and nomenclature of the tools and test 
equipment required to perform the maintenance 
functions. 

d. National/ NATO Stock Number. This column 
lists the National/NATO stock number of the 
specific tool or test equipment. 

e Tool Number. This column lists the manufac- 
turer's part number of the tool followed by the 
Federal Supply Code for manufacturers (5-digit) in 
parentheses. 

C-5. Remarks (Sec IV) 

a. Reference Code. This code refers to the 
appropriate item in section II, column 6. 

b. Remarks. This column provides the required 
explanatory information necessary to clarify items 
appearing in section II. 



(Next printed page is C-3) 
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SECTION II MAINTENANCE ALLOCATION CHART 



0SCIIL0S( E AN/USM-273 (TEKTRONIX 453) 
5N 6625-00-930-6637) 




01 CIRCUIT CARD ASSEMBLY 670-0419-00 (80009) Test 0.4 thru 1 

Replace 0.3 6,17 



02 PRINTED BOARD Test 0.4 thru 1 

Replace 0.3 6,17 

03 PRINTED BOARD Test 0.4 thru 1 

Replace 0.3 6,17 



Change 1 
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SECTION III TOOL AND TEST EgUIPMENT REQUIREMENTS 
FOR 

OSCILLOSCOPE AN/USM-273 (TEKTRONIX 453) 

(NSN 6625-00-930-6637) 



OOL OR TEST 
EQUIPMENT 
REF CODE 




MAINTENANCE 

CATEGORY 



TRANSFORMER, VARIABLE POWER TF-510/U (GR W10MT3A) OR EQUAL 
GENERATOR, ELECTRONIC MARKER AN/U5M-271 (TEKTRONIX 184) OR EQUAL 
TRANSFORMER, RATIO DECADE TF-515U (S INGER-GERTSCH RT60) OR EQUAL 
GENERATOR, SIGNAL AN/USH-272 (TEKTRONIX 191) OR EQUAL 
GENERATOR, SIGNAL AN/USM-269 (GR-1310A) 

COUNTER, ELECTRONIC READOUT AN/ USM-257A (SYSTEM DONNER 1037) 
OSCILLOSCOPE AN/USM-254 (HP 130C) OR EQUAL 



NATI ONA L/NATO 
STOCK NUMBER 



MULTI METER ME-333/U OR EQUAL 

GENERATOR, SIGNAL AN/USM-264 (HP 652A) OR EQUAL 

TEST SET ELECTRICAL METER TS-2734 (FLUKE 760A) OR EQUAL 

VOLTMETER TS-2843 (FLUKE 883AB OR 887AB) OR EQUAL 

GENERATOR, SIGNAL AN/USM-358 (TEKTRONI X 106) OR EQUAL 

CALIBRATOR, AMPLITUDE-COMPARATOR AN/USM-360 
(TEKTRONIX 067-0502-01) OR EQUAL 

TEST SET, ELECTRON TUBE TV-7D/U OR EQUAL 

TEST SET, TRANSISTOR TS-1836D/U OR EQUAL 

TOOL KIT, TK-IOO/G 



6625-00-820-0064 
6625 -00-13 8-7320 



5180-00-605-0079 



TOOLS AND TEST EQUIPMENT AVAILABLE TO THE REPAIRMAN IN HIS 
ASSIGNED MISSION. 
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SECTION IV. REMARKS 



REFERENCE 

CODE 


REMARKS 


A 

B 


VISUAL INSPECTION 
OPERATIONAL TEST 



Change 1 
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By Order of the Secretary of the Army: 



W. C. WESTMORELAND 

General, United States Army, 

Official: chief of Staff. 

VERNE L. BOWERS, 

Major General, United States Army, 

The Adjutant General. 

DISTRIBUTION: 



Active Army 

USASA (2) 

CNGB (1) 

ACSC-E (2) 

Dir of Trans (1) 

COE (1) 

TSG (1) 

CoISpts (1) 

USAARENBD (2) 

USAMB (10) 

USACDCCEA (1) 

USACDCCEA 
Ft Huachuca (1) 

USACDC (1) 

USACDCOA (1) 

USAMC (1) 

CONARC (5) 

ARADCOM (2) 

ARADCOM Rgn (1) 

OS Maj Comd (4) 

LOGCOMD (2) except 
1st Log Comd (5) 

9th Log Comd (5) 

USAMICOM (5) 

USATECOM (2) 

USASTRATCOM (5) 
USASTRATCOM-SIG-GP-T (2) 
USASTRATCOM-EUR (5) 
USASTRATCOM-PAC (5) 
USASTRATCOM-SO (5) 
USASTRATCOM -A (2) 

USARV (5) 

USAESC (40) 

MOW (1) 

Armies (2) 

Corps (2) 

1st Cav Div (2) 

Svc Coiieges (2) 



USASCS (10) 

USASESS (10) 

USAADS (2) 

USAINTS (3) 

USAFAS (2) 

USAARMS (2) 

USAIS (2) 

USAES (2) 

USAOC&S (2) 

USAMCC (3) 

Fort Huachuca (5) 

WSMR (3) 

Fort Carson (7) 

Army Dep (2) except 
LEAD (14) 

SAAD (30) 

TOAD (14) 

LEAD (7) 

ATAD (10) 

USACDCEC (10) 

Gen Dep (2) 

Sig Sec Gen Dep (5) 

Sig Dep (5) 

USACRREL (2) 

WRAMC (1) 

Sig FLDMS (1) 

ATS (1) 

USAERDAA (2) 
USAERDAW (5) 

Units org under foi TOE: 
(2 cys each unit) 
9-550 
11-158 
29-134 
29-227 
29-670 



NG: State AG (3) 

USAR: None. 

For expianation of abbreviations used see AR 310-50. 
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FIG. PO-9 4S3/R453 STANDARD ACCESSORIES & OTHER PARTS FURNISHED WITH R453 



FIG. PQ-9 4S3/R453 STANDARD ACCESSORIES & OTHER PARTS FURNISHED WITH R453 
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Index 


Tektronix 


Serial/Model No. 


t 


Description 


No. 


Part No. 


Eff Disc 





12 3 4 5 


1 


016-0074-01 




1 


COVER, rain (TYPE 453 only} 


'2 


010-0188-00 




2 


PROBE PACKAGE, P6010 


■3 


103-0033-00 




2 


ADAPTER, 8NC to binding post 


■4 


159-0021-00 




2 


FUSE, fast-blo, 2 amp, 3AG 




159-0022-00 




1 


FUSE, fast-blo, 1 amp, 3AG 




159-00254)0 




1 


FUSE, fast-blo, Vs amp, 3 AG 




159-0028-00 




1 


FUSE, Jast-blo, '/. amp, 3 AG 


5 


012-0092-00 




1 


JACK, BNC-post 


6 


103-0013-00 




1 


ADAPTER, power cord, 3 to 2 wire 


7 


012-0076-00 




1 


CABLE, BNC, 18 inch 


8 


378-0573-00 




1 


FILTER, mesh (installed) 


9 


354-0269-00 




1 


RING, ornamental, CRT 


10 


378-0576-00 




1 


FILTER, light, smoke gray 


11 


386-0218-00 




1 


PLATE, protector, CRT 




070-0755-00 




2 


MANUAL, instruction (not shown] 



OTHER PARTS FURNISHED WITH R433 

016’0096-00 1 KIT, hardware (not shown) 

01 6-0099-00 1 KIT, rackmounting hardware (not shown) 

351-0101-00 1 pr. TRACK, slide, stationary & inter-second (not shown) 







TYPE 453/R453 OSCILLOSCOPE 



TM 11-6625-1722-15 



DIAGRAMS 



The following symbols are used on the diagrams: 




Screwdriver adjustment 

Front-, side- or rear-panel control or 
connector 




Clockwise control rotation in direction of 
arrow 

Refer to indicoted diagram 






Connection to circuit board made with pin 
connector at indicated pin 

Connection soldered to circuit board 



^Blue line encloses components located on 
circuit board 




TYPt -453 osciLuoscopt * PIG.PO-10 BLOCK. .DIAGRAM 

(5i/N 2.0,000 t UP) 


































TM 11-6625-1722-15 



VOLTA(*t i 
WAVtFORM 
, CONDITIONS 



VOLTAGE AND WAVEFORM 
TESTCO NOTIONS 



&W !> 

1 VOLTS/DIV I 



CH t 

ro*iTioH I 

CKNTIfL 



Typical voltage measurements and waveform photographs 
wore obtained underthe following conditions unless noted 
othen/vise on the individual diagram: 

Test Oscilloscope (With lOX Probe) 



Frequency response 
Deflection factor 
(with probe) 

Input impedance 

Probe ground 
Trigger Source 



Recommended type 
(as used for waveforms 
on diagrams) 

Veltmeter 

Type 

Sensitivity 

Range 

Reference voltage 
Recommended type 
(as used for voltages 
on diagrams) 

Type 453 Conditions 

Line voltage 
Signal applied 



Trace position 
Control settings 



CRT Controls 

INTENSITY 
FOCUS 
SCALE ILLUM 



Dc to 20 MHz 
50 millivolts to 10 volt^ 
d ivisio n 

10 Megohms, 735 pico- 
farads 

Type 453 chassis ground 
External from A GATE 
connector to indicate 
true time relationship 
between signals 
Tektronix Type 545B with 
Type lAl plug-in unit 



Non-loading AC (RMS)- 
DC VTVM 
20,000 ohm^volt 
0 to 300 volts 
Type 452 chassis ground 
General Radio Type 1806- 
A Electronic Voltmeter 



115 volts 

C a libra tor output signal 
connected to Channel 
1 and 2 INPUT con- 
nectors for waveforms 
Only 

No connections 
(except as above) 

Centered 

AS fallows except as 
noted othen/vise on in- 
dividual diagrams: 



Midrange 

Adjust for focused display 
Asdesired 



+ I1V 

-iiv Cdkc) 



Vertical Controls (both channels if applicable) 



VOLTS/DIV 

VARIABLE 

POSITION 

Input Coupling 

MODE 

TRIGGER 

INVERT 



20 mV 
CAL 

Midrange 
DC 
CH 1 
NORM 
Pushed in 



u 


a 


L 


ATT 6 N 




Its 

02 







Triggering Controls (both A and B If applicable) 
LEVEL 0 

SLOPE -I- 

COUPLING AC 

SOURCE INT 



0.20 
1 ms 
1 ms 
CAL 

AUTO TRIG 

TRIGG ERA BLE AFTER 
DELAY TIME 

A 

OFF 

FULL 

Midrange 



Sweep Controls 

DELAY-TIME MULTIPLIER 
A TIME/DIV 
B TIME/DIV 
A VARIABLE 
A SWEEP MODE 
B SWEEP MODE 

HORIZ DISPLAY 
MAG 

A SWEEP LENGTH 

POSITION 

FINE 

POWER 

Side-Panel Controls 
B TIME/DIV VARIABLE 
CALIBRATOR 



All voltages given on the diagrams are in volts. Wavefomns 
shown are actual waveform photographs taken with a Tek- 
tronixOscilloscope Camera System and Projected Graticule. 
Voltages and waveforms on the diagrams (shown in blue) 
are not absolute and may vary between instruments because 
of differing component tolerances, internal calibration or 
front-panel control settings. 
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DC LeVLL 

iVfcO ; 
liook ! 
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OV 
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J T-k 



CHANNEL t 
VEHTCAL &iaNAL 
TO TRI^Q^Cft 
SWITCH 






023 & 

♦ -1 1 



a3s 



IfOSITIOMl 

L_^ 

>liv/ 



140 I 



Gl84 



W 

■*1.1- 1 1 



- C4SI 
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P|L44S 

O to 



C44S 

4.1 O 



OrtN ONLY 
WMftM Ills 
14 FULLY 



ESS C64 

l.4lt 410 




CHANNEL 1 
SIENAL TO 
OlOOE 

SATE 

l<8> 



PAfLTIAL VCfLTtCAL PfLEAMP 50A|LD ' 



VOLTAGES obUtn^ under condHloni 
flven on dUcrim 



TYPE 453 OSCILLOSCOPE 



CMANNtL 1 ATTltNUATORS 
^ VCfLTICM. DWITCMIllft 
^ TRiqiaeii 



FIG. FO-11. CHANNEL 1 VERTI CAL 

(VN zo.cjoo t UP) 



P4|LTt LIDT pop. 
MMICONDUCTOP. TYPtD 



PREAMP 







TM 11-6625-1722-15 







TM 11-6625-1722-15 




ML MkJtTft l-ILT pen. 
Ltwi&ONDucToa TvPan. 



FO-13 CHANNEL 



VERTICAL PREAMP 

(Vn 10,000 t up) ■' 



TYPE 453 OSCILLOSCOPE 



FIG 



2 



<l> 






TM 11-6625-1722-15 



CHANNEL I 
VERTICAL 
iICNAL 

FROM 

o 



-*•1 L204 



NORMAL 
TRIOOER - 
DC LEVEL 



CHANNEL 2 
VERTICAL 
SICNAL 
FROM/CV 
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VERTICAL 
CHOP bLANKlHO 
TO RIOIIX^. 



PARTIAL VERTICAL PREAMP ftOARO'^ 



VOLTAGES and WAVEFORMS obtained under 
condltiofia given on diagram <^except aa follows: 



REFtRENCE_^DM^^ S 

CHANNEL I VERTICAL PREAMP 
& CHANNEL Z VERTICAL PREAMP 
^ VERTICAL OUTPUT AMPLIFIER 
^ TRiCkCEE PREAMP 
^ A iWEEP GkEMERATOR 
(& t AXIS AMPLIFIER 



SEE PARTE LIET POA 
ELUICONOUCTOA TYPLE 



TYPE 453 OSCILLOSCdPE 



FIO.PO-15 VERTICAL SWITCHING. 

(i/N 20,000 ^ up) 






TM 11-6625-1722-15 



■f 12V 

A 




VLRTICXL OUTPUT bOARO 




»W330 

H ITRACI. PIMPm I 
SPP1M4 MbTUPM TO 
POSiTIOM SHOWN 



SLfc PARTS LIST FOR 
SSMICONDUCTOR TVPLS 



RLFfeRtNCS OIAGiRam S 

$ VERTICAL SWITCHING 
HORISONTAL amplifier 



>S OSCILLOSCOPE. 



A 

FIG. 



7b7 

CMD 



FO-16 VERTI CAL OUTPUT AMPLI FI ER 

(S/N 20,000 < UP) 







BlFtttMCt DtA&BAMS 
^ CHANNtL 1 INPUT 
^S^VLBTlCAL SWITCMIN 
> A TS 1 «QLK CLNiSA'l 
TllCftift SiNtftAT 



S£L PAItTS LI6T FOIt 
SEMICONDUCTOR TYPES 



VOLTAGES obtained under condItionK given 
on diagram . 



-15 






TM 11-6625-1722-15 



Tp.i<;<;fcp. 

I soup.cV~| p - 

VH^'bO 



AUTO 
GATL 
TO RS'ia 



A TP-ICi'aEH ^I6NAL ^ 93 ,^ q 
FfLOW. fl42T <J> X 



LINE Tp.|&G,ER SIGNAL 
FP.OIA P-IIOi ^ 



ti.7 TF.1G 
INPUT 




J410 



C411A I > .... I 

„ =}: ^4>16> J_c 

4iok: - 



VOLTAGES and WAVETFORM.S obcaint*d under 


conditions givenondiagran 


<J>except an follows: 


* Signal applied 


Calibrator 


AC GND DC 


AC 


CH 1 VOLTS/DIV 


.2 Volts 



f TILIG&EP PREAMP 

A SWEEP GENERATOR 

POWER SUPPLY t DISTRI6UTIOM 



TYPE 453 OSCILLOSCOPE 



I FROM 0<S9 |lA^9| 

StE PARTS LIST FOA I TO Q9^4 I 

SEMICONDUCTOR TYPES ' J | 

I TO R4se9 I 

E.FF 5/N 10,000- TO, 



FIG. FO-18 A TRIGGER GENERATOR <8; 

(S/N 20^000 4 UP) 



4 A. & 

I I ^ T 






TM 11-6625-1722-15 




TYPE -463 OSCILLOSCOPE 



A 



fig, PO-19 a sweep generator 

(b/N 20,000 J UP) 








Lilii 




type 45^ 05CILL06C0PE. 



e 





TM 11-6625-1722-15 



SWttP START LtVtL 

TO »ASL 






A AWIL^ . 
FROy-*j< 




DV/DIV 



TYPE. 4S3 OSCILLOSCOPE. 



PIG. PO -21 B SWE.E.P GE.NE.RATOR <f(> 

(S/N 10,000 4 UPj ^ 





TM 



11 - 6625 - 1722-15 



TO TO COLLtCTOR 

US6« Qbai 



TO GATE,QS33 
THRU R&aa 



TO <WATf.,Q743 TO COLLECTOR 

THRU 0741 




JW 



B 



PIG. FO -22 A AWD E) TIMIKJG SWITCH 

(S/N 20,000 i UP) 




TVPt 4b3 OSCILLOSCOPE 





TM 11-6625-1722-15 



O.SV/DlVr- 



B SWE.LP 
FROM R74B ' 



TO RKaHT HAMD 
■ OLFLECTIOM PLATt 




TO LtFT HAND 
‘ DEFLECTtON PLATt 



^VtRTtCAL OUTPUT AMPLIFIER 
A SWEEP generator 
& B TRIGGER GENERATOR 
^ B SWEEP GENERATOR 
A^B TIMING SWITCH 
HORIZONTAL DISPLAY SWITCH 



DON 

7GT 



TYPE. 455 OSCILLOSCOPL 



PO-23 HORIZONTAL AMPLIFIER 

(VN 20,000 4 UP) 








TM 11-6625-1722-15 






A 



CMD 

T47 



FIG, FO-24. HORIZONTAL DISPLAY SWITCH 

(S/N Z0,000 £ UPj 




TYP^ OSCILLOSCOPE 





1 - 6625 - 1722-15 




5LMICONDUCTOR TYPtb 



VOLTAGES ftBd WAVEFORMS obUt^ 
wd«r condition! glvfn on dtifram 



TVPt -»£>3 OSCILLOSCOPE 



PLM 

TfeT - 

FIG. PO-25. Z AXlb AMPLIFIER <$> 

(VN 20,000 c OP) 





Tm 11-6625-1722-15 




TYPE. 453 OSCILLOSCOPE 



A 



1 



FIG, FO-26. CRT CIRCUIT <}& IIS 

(S/N 20;000 ^ up) ^ 
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Was brought to you by me: 




Liberated Manuals — free army and government manuals 



Why do I do it? I am tired of sleazy CD-ROM sellers, who take publicly 
available information, slap “watermarks” and other junk on it, and sell it. 
Those masters of search engine manipulation make sure that their sites that 
sell free information, come up first in search engines. They did not create it... 
They did not even scan it... Why should they get your money? Why are not 
letting you give those free manuals to your friends? 

1 am setting this document FREE. This document was made by the US 
Government and is NOT protected by Copyright. Feel free to share, 
republish, sell and so on. 

1 am not asking you for donations, fees or handouts. If you can, please 
provide a link to liberatedmanuals.com, so that free manuals come up first in 
search engines: 



<A HREF= http://www. liberated manual5.com/ > Free Military and Government Manuals</A> 

- Sincerely 
Igor Chudov 
http://igor.chudov.com/ 



